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GENERAL INTRODUCTION 
Amino acids and peptides are the fundamental structural units 
of proteins, depsipeptides. certain types of harmones and antibiotics, 
and many other compounds of biological relevance. It is generally 
recognized that in the absence of experimental thermodynamic data 
for these macro molecules, amino acids and peptides can serve as useful 
models in estimating their properties [1,2]. Even in situations where 
experimental data are available, the properties of these smaller units 
are still found applicable in exploring various aspects of structural 
organization in the larger biomolecules [3]. 
Studies of organization and thermal stability of proteins have 
been the focus of investigation in biochemistry for decades [4,5]. In 
the past, several indirect methods have been used to investigate the 
folding of proteins. Most common among them include the determination 
of amino acid sequence and its corelation with structure [6], the study 
of refolding experiments using denaturants [7], theoretical modeling 
using computer simulations [8], and thermodynamic analysis of 
conformation involved in folding process [3,9]. Often, the validity 
of some of these methods has been questioned. For example, a considerable 
redundacy in the rules relating amino acid sequence and protein structure 
has been described [10]. Also the process of reversible denaturation 
as an useful representation of the process can be seriously questioned 
on a number of grounds [11]. The method of computer simulation appears 
to be promising but is quite cumbersome in terms of dealing with the 
very large number of conformational possibilities, even in the case 
of simple proteins. The thermodynamic method is in a development 
stage, as the techniques for observing thermodynamic properties with 
higher accuracy are continually evolving. 
A quantitative evaluation of the thermodynamic stability of native 
protein structure in solution essentially require measurements of 
thermodynamic changes as the protein unfolds from a native state (N) 
into a fully solvated random coil. Chemical denaturation carried out 
by addition of high concentration of selected salts or cosolvents or 
change in pH of protein solution is believed to yield a more fully 
solvated random coil [7,12,13], although there is still considerable debate 
about the actual final states induced by various chemical denaturants 
[13]. Likewise, thermal unfolding experiments performed in the presence 
of a chemical denaturants are complicated by the uncertainty, on the 
initial state of the native protein in the denaturant medium [11]. 
X-ray diffraction data for globular proteins have revealed that 
they have a precisely defined equilibrium structure in the native state, 
and the packing densities of atoms or groups within the molecules are 
as high as those found for crystalline amino acids and small organic 
compounds [14,15]. These data suggest a compact, rigid, and static 
nature of the structure of globular proteins. Nevertheless, there is a 
considerable body of experimental evidence showing that some packing 
defects or cavities may exist that permit sizable internal motions and 
flexibility in response to thermal or mechanical forces [16,17]. However, 
a full understanding of the role of fluctuation in protein functions and 
biochemical phenomenan will require further detailed information on 
the magnitude of the flexibility or rigidity of protein molecules in solution 
and on the flexibility structure relationship. 
Due to the high solubility of urea in water, urea-water mixtures 
have been employed as the solvents for extensive experimental 
investigations. It is generally accepted that urea does not appreciably 
interact with either hydrophobic or hydrophilic molecules or groups, 
and acts mainly to disrupt hydrogen bonding among water molecules 
in aqueous medium. The values of the thermodynamic functions consistent 
with the hypothesis that urea solutions are similar to water but with 
less structure. 
Solvent properties of urea-water mixtures, the molar interpretation 
of the physical properties of urea-water mixtures has followed two 
main approaches. In a first analysis, Stokes [18] suggested that an extensive 
self association of urea could explain the excess thermodynamic properties 
of the mixture, without recourse to water-water hydrogen bonding 
interactions. Frank and Franks [19] later proposed a model which 
emphasized, instead, the role of water-water interactions, in their view 
urea acts mainly to disrupt hydrogen bonding among water molecules 
by dissolving exclusively within the dense (less structured) component 
of liquid water and without inducing alternate types of long range structure. 
The water "structure-breaking" influence of urea was supported by the 
NMR results of Finner et al [20], and it appeared to be consistent 
with thermodynamic data for various solutes in H^O, DjO, and urea-
water mixtures [21]. While other effects have been invoked to explain 
the properties of urea-water mixtures, for example, changes in the surface 
tension or cohesive energy data [22], the structural interpretation has 
gained wide usage in the discussion of solution processes in these 
mixtures. 
The structure of a protein is mostly stabilized by hydrogen bonding. 
Denaturation is a reversible process for many proteins. In many denaturation 
processes, hydrogen bonded structures are disrupted within the interior 
of an ordered portion of the native structure. By denaturation, one 
means that class of reactions which lead to changes in the structure 
of the macromolecule with no change in molecular weight [23]. 
The actual extent of unfolding depends on temperature, pH and 
ionic strength. It is reported that pH changes bring about a lot of variations 
on the ultrasonic absorption of proteins [24]. 
Ultrasonic velocity and viscosity data are of increasing interest 
as they are the basis of structural studies of liquid mixtures. The velocities 
of ultrasound, adiabatic compressibilities and viscosities are useful tools 
in studying the nature and degree of association or dissociation, complex 
formation, and dispersion forces in liquids, and their mixtures. Ultrasonic 
velocity and its derived parameters have been extensively used to study 
the molecular interactions in solution. 
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Various ultrasonic parameters, such as the specific acoustic 
impedance, Z, adiabatic compressibility, 3, etc. are calculated from 
the ultrasonic velocity, U, and density, p, of the solutions. 
Compressibility of solutions is an essential physical characteristic 
reflecting intermolecular interactions and dynamic processes occuring 
in solution. The compressibility of native protein in solution has been 
an indispensable quantity to analyze. Jacobson and Miyahara [25,26] 
measured protein compressibility in solution by using sound velocity 
measurements with an ultrasonic interferometer. The compressibility 
obtained by this technique is adiabatic, |3. The compressibility of the 
solution may be determined by the effects from solvent, solute and 
solvation . The effects of the solute are separated into two parts: the 
compressibility of the solute molecule and solute-solute interactiion. 
If the concentration of the solution becomes sufficiently low, the second 
effect becomes negligible. 
The solute-solvent interactions were studied in the light of 
thermodynamic properties viz. the compressibility lowering, Ap. Thus 
the study of AP will ultimately lead to a better understanding of the 
influence of molecular configuration and interaction. Compressibility 
lowering was evaluated as the difference in the compressibilities of 
solvent and solutions [27]. 
The volume and compressibility behaviour of solutes in solution 
can provide information concerning solute-solvent and solute-solute 
interactions. The partial specific volume of a protein is a characteristic 
parameters that has been used to elucidate several processes which 
depend on the protein conformation or during which the protein 
conformation changes e.g., protein aggregation or polymerization [28-
33], conformational transitions of proteins [34-39], and polypeptides 
[40], and antigen antibody reactions [41]. The changes in the partial 
specific volume of the macromolecules during such processes depend 
on the intra - and intermolecular interactions as well as on the 
electrostriction of the solvent due to the charged moieties present in 
the macromolecule and on the charge-neutralization processes. However, 
due to the structural complexities, it is extremely difHcult to separate 
the various contributions that give rise to the observed volume changes 
in macromolecular reactions. 
The effects of hydrogen-bonding [42-44] electrostriction [45-47], 
ionization [47-53], hydrophobic interaction [54], and zwitterion formation 
[55] etc. on the partial molal volumes of the solutes can be estimated. 
Apparent molal volumes of several a-amino acids, were determined 
by Millero et al [56], who calculated the number of water molecules 
bonded to the chrged centres of the a-amino acids. Recently, many 
authors have investigated the aqueous solution volumetric properties 
of some protein constituents viz, the amino acids and peptides [9,44,55-
57] for different reasons. They also estimated various group contributions 
toward limiting partial molal volumes. 
The properties of interest are the apparent molal volume, ^ ^, apparent 
molal adiabatic compressibility <|>^ , partial molal volume <|>^", and partial 
molal adiabatic compressibility, ^°^^^y These properties depend upon 
the size and configuration of the solute molecules. Apparent molal volume, 
(j>^  and apparent molal adiabatic compressibility, 4^ ^^ ^^ , have been calculated 
from density, p, and ultrasonic velocity, U, measurements. These quantities 
are very sensitive to interactions between solute and solvent and to 
changes induced in the solvent by the solute as the concentration of 
the latter tends to zero. Trends in these properties with changes in 
temperature and composition can also offer some qualitative assessment 
of solution behaviour in the intermediate composition range. The 
concentration dependence of ^^, provides information concerning 
interactions taking place in solutions. The apparent molal compressibility 
factor at infinite dilution, ^^, is a measure of the resistance offered 
against compression which the solute molecules impart towards the 
solvent [58] and thus give an idea about solute-solvent interactions. 
Thus apparent molal adiabatic compressibility is a sensitive function 
of the solute-solute and solute-solvent interactions and as such is a 
useful parameter in elucidating the structural interactions in systems. 
The prime object of sound velocity and density measurements 
in solution is to estimate the useful thermodynamic properties e.g. 
isothermal compressibility 'P^', internal pressure 'P/, solubility parameter 
'5' etc. Latter parameters i.e. P. and 8 are only accessible when the 
value of thermal expansion coefficient, a, is known. Isothermal 
compressibility is key parameter in molecular thermodynamics of fluid 
phase equilibria. Various hard sphere equations of state have been applied 
to evaluate the values of p.^  and sound velocity, U, of pure liquids 
under varying physical conditions [59-63]. Such methods were also 
applied to a few binary liquid mixtures [64,65] for evaluating P^ The 
equations of Carnahan and Starling [66] and Thiele [67] were employed 
to obtain the isothermal compressibility as well as the related properties 
of a number of liquids at room temperature. Pandey et al [59] have 
applied same equations of state to obtain the isothermal compressibilities 
of liquid neon. This theory has also been applied to obtain the isothermal 
compressibilities in the cases of molten salt mixtures [68]. 
The evaluation of internal pressure and solubility parameter for 
pure liquids have been performed by many workers [69-77]. In the 
theory of liquid state, the relation between the internal energy and 
the molar volume is of considerable importance. Dunlop et al [78] 
have calculated the internal pressure of different liquid mixtures and 
compared these values, with those of their cohesive energy density 
values. Stavely et al [79] predicted interactions in liquid mixtures by 
comparing the internal pressure of individual components. Thermodynamic 
and ultrasonic measurements provide a very good means [80] for the 
determination of internal pressure of liquids. The internal pressure can 
also be evaluated from Buchler et al relation [81]. This relation is 
extensively used for the determination of internal pressure of molten 
salts [68], and liquid metals [82]. Internal pressure varies with change 
in composition and temperature in the system. 
Similarly, the solubility parameter has been found to be a very 
useful tool for assessing the compressibilities of various substances 
and it has served as an efficient guide in the selection of proper compounding 
ingradients [83] and solvents [84-86] for polymeric substances and paints. 
The Pesudo-Gruneisen parameter, F, a dimensionless constant 
governed by the molecular order and structure has been a subject of 
study for the solids [87-89] for several years. Knopoff et al [90] have 
extended this study to liquids also. S.K. Kor et al [91] have evaluated 
the value of parameter for liquid argon over a wide range of temperature 
and pressure. Originally, this parameter was connecting the thermal 
expansion coefficient with the specific heat at constant volume for the 
study of solids. Later on, the utility of this parameter was realized 
for obtaining some idea about the lattice behaviour of liquids, by defining 
its pseudo counterpart, which is related to the velocity of ultrasound 
in liquids. 
The surface tension a, of any solution is the direct consequence 
of its cohesive force. Hence, it is one of the various physical properties 
which has been investigated to understand the interactions in binary 
molten salt mixtures and ionic salt solutions. Many attempts [68] have 
been made for the theoretical corelation of surface tension of liquids, 
molten salts and their binary mixtures with ultrasonic velocities. 
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Guggenheim [91] using a quasi ciAstalHne mole, has derived 
equations for ideal and regular solutions. 
Attempts [91-97] have been made to investigate intermolecular 
interactions in liquid mixtures using viscosity measurements. Viscosity 
measurement provides valuable information about the size, shape and 
state of solvation of molecules in solution [98]. Such measurements 
on dipolar ion, particularly of the amino acids, have been carried out 
by a number of workers [99-102] namely, in aqueous solutions. 
Available data on the molecular properties of Ovalbumin [103] 
suggest that the native protein exists in a compact and globular 
conformation containing 25-30% a-helix and some p structure (104). 
Intrinsic viscosity measurements have been successfully used in the 
detection of conformational changes in proteins [105]. For native globular 
proteins intrinsic viscosity is low, about 3-4 cmVg, regardless of their 
molecular weights. Moreover, it is independent of temperature and of 
the nature of the solvent, as long as the protein molecule retain its 
native conformation and the extent of its solvation is not markedly 
changed [106]. 
The viscosities of electrolyte solutions was considered by 
Falkenhagen and Dole [98] in terms of the interionic interactions in 
the adjacent layers of an electrolyte solutions. They proposed that the 
electrical forces between the ions in a solution tend to establish and 
maintain a preferred rearrangement and thus to stiffen the solution. 
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i.e., to increase its viscosity. Falkenhagen introduced an emipirical 
parameter, B, which represents the ion-solvent interaction. Negative 
values for this coefficient are found for ions which exert a "stnicture-
hreaking" effect on the solution, while the coefficient has positive values 
for the ions which are strongly hydrated, i.e., structure makers. 
Macedo and Litovitz [107] suggested that for pure liquids, better 
results are obtained by combining the absolute reaction rate theory 
[108] and free volume theory [109-111]. 
An equation for the viscous flow of binary liquid mixtures has 
been deduced by Sharma and Bhatnagar [112] taking into account the 
contribution made by configurational partition function and the energy 
of fluctuation due to a localized order in the liquid state. 
Few workers [113,114] have calculated the various thermodynamic 
parameters of activation of viscous flow by least-squares fitting the 
densities and the viscosities data to empirical equations stating their 
dependence on temperature and composition of the mixtures. These 
parameters suggest the type and strength of interaction between the 
components of mixtures. Palepu et al [ 113] calculated such thermodynamic 
parameters for the binary acid-base mixture while Corradini and coworkers 
[114] obtained these for the binary mixtures of alcohols and amides. 
EXPERIMENTAL 
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MATERIALS AND SAMPLE PREPARATION: 
Ovalbumin was purchased from Sigma Co. USA (LOT No. 43H7010, 
Grade III), and used without further purification. Four solutions of 
different protein concentrations (4-10 x 10^ gm/ml) were prepared by 
dissolving protein in phosphate buffers (pH 7.0, 6.0, 5.2 and 2.4). 
Phosphate buffers were prepared [ 115] by mixing aqueous solutions 
of mono basic sodium phosphate and di-basic soduim phosphate 
[Qualingens India Ltd.] and then pH measurements of solution were 
made on digital pH meter [Elico pvt. Ltd. Hyderabad model T-10]. 
All amino acids in the 1-stereoisomeric form were purchased from 
SRL Mumbai (India) and used without further purification. Solutions 
of amino acids were prepared in 0. Im aqueous urea solution by weighing 
the solute material. These acids were dried at 110°C before weighing. 
Urea was purchased from Qualigens Co. (India). Fresh stock solution 
of urea was prepared in tripilled distill water for each series of 
measurements. 
The densities, viscosities and ultrasonic velocities were determined 
for following solutions: 
(i) Ovalbumin in phosphate buffers at different pH (2.4-7.0). 
(ii) Glycine-urea-water system, 
(iii) Threonine-urea-water system. 
13 
TEMPERATURE CONTROL: 
A thermostated paraffin bath was used to maintain a uniform 
temperature during the measurements of density and viscosity. The paraffin 
bath of about 5 liter's capacity consisted of an immersion heater (1.0 
KW), an electric stirrer (Remi make), a check thermometer, a contact 
thermometer, and a relay (Jumo type NT 15.0, 220 V « 6A (GDR)] 
was used to control the variation in temperature. The check thermometer 
(GDR) was N.B.S. calibrated to record ± 0.1°C variation. The overall 
thermal stability was found to be within ± 0.1 °C. 
PURIFICATION OF TOLUENE: 
Commercial toluene contains methyl thiophene, b.p. 112-113°C, 
which can not be removed by distillation. Toluene was purified by 
shaking repeatedly with about 15 percent of its volume of concentrated 
sulphuric acid in a stoppered separating funnel until the acid layer 
becomes colourless or pale yellow on standing or until the thiophene 
test is negative. After each shaking lasting a few minutes, the mixture 
was allowed to settle and the lower layer of acid was drawn off. The 
toluene was then shaked twice with water in order to remove most 
of the acid, once with 10 percent sodium carbonate solution, again 
with water and finally dried with anhydrous calcium chloride. After 
filteration the toluene was distilled through an efficient column and 
the fraction, b.p. 80-81°C, was collected. Sodium wire was introduced 
into the distilled toluene. 
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DENSITY MEASUREMENT: 
A pyknometer consisting of a small bulb with flat bottom (~ 
5 ml capacity) and graduated stem was used for the density measurement. 
Each mark on the stem of the pyknometer was calibrated using purified 
toluene as a reference liquid. The pyknometer was weighed and filled 
with pure and distilled toluene and again weighed. The weight of 
toluene was determined by the difference in these two weights. The 
pyknometer was immersed in the paraffin bath maintained at the required 
temperature, and volume changes were recorded as a function of 
temperature, and thus each mark of the stem was calibrated. The density 
of toluene at different temperatures required for calibration was given 
by the standard equation. 
p, = 0.88412 - 0.92248 x lOH + 0.0152 x 10-*tM.223 x lOV. 
Where "t" is the temperature in °C. Now using the values of 
densities and mass of toluene, the volume of pyknometer at each mark 
was calibrated. 
To check the reproducibility of calibration, the same process was 
repeated with different weights of toluene. Using the known volume 
of calibrated pyknometer at each mark and mass of toluene, the densities 
at the required temperature were calculated. It was found that the accuracy 
of density measurements was within ± 0.01%. 
The test solution was introduced into the calibrated pyknometer, 
weighed and then it was immersed in the tfaermostated bath. The temperature 
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at each mark on the stem of pyknometer was recorded by increasing 
the temperature of the bath. The densities were determined at required 
temperature, by recording the volume changes as a function of 
temperature. 
VISCOSITY MEASUREMENT: 
Cannon-Ubbelhode [106] viscometer was used for the viscosity 
measurement of aqueous solutions of protein and amino acids. 
The viscometer consists of three parallel arms, viz., receiving, 
measuring and auxilliary, for forming the suspended level arrangement 
in a triangular fashion. The receiving arm forms a 'U' with the measuring 
arm through a bulb D. The measuring arm has two bulbs A and B. 
The two fudicial marks 'a' and 'b' were used on the two sides of the 
bulb B for recording the time of fall of the test solution. The auxilliary 
arm was sealed to the receiving arm through a bulb C. In between 
the bulbs B and C there lies a capillary of appropriate dimensions. 
It has been designed in such a way that the centre of gravity of the 
three bulbs A, B and C was aligned vertically to reduce the acceleration 
due to gravity, so that the experimental errors could be minimized. 
Special feature of the suspended level viscometer was that the 
capillary effects of the two liquid surfaces were neutralized by each 
other so that the surface tension correction for the apparatus was negligible 
and the transport of momentum was carried out freely under the weight 
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of the total volume of the test liquid. 
The calibration of viscometer was done by using the distilled 
toluene. The viscometer was then filled with the test liquid whose amount 
was sufficient to avoid any air bubble being introduced into the capillary 
arm while fudicial bulb was filled. The open ends of the three arms 
of viscometer were fitted with the calcium chloride tubes through 
the rubber tubes to avoid the absorption of moisture. The viscometer 
was clamped in the vertical position in the thermostated paraffin bath 
for about half an hour before recording the time of fall, so that the 
thermal fluctuation in the viscometer was minimized. Then the sample 
was sucked into the bulb A and was allowed to stand there for some 
time by closing the calcium chloride tubes with the rubber corks. The 
corks were then removed from the tubes and the time of fall of the 
sample from the upper fudicial mark "a" to the lower mark "b" was 
recorded several times and the mean of very close readings was determined 
at each required temperature. The time of fall of liquid was measured 
with a stop watch (accuracy :±0.1 second). Poiseuille's equation was 
employed to calculate the viscosities using the density and the time 
of fall. 
Ti = pBt 
Where B is a constant and has been calculated by making use 
of the reported values [116] of viscosities of toluene at several 
temperatures. The accuracy of the calibrated viscometer was checked 
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by measuring the viscosities of toluene at test temperature and then 
comparing the experimental values with the reported ones [116]. 
Reproducibility was found to be within:±0.2%. 
MEASUREMENT OF ULTRASONIC VELOCITY WORKING 
PRINCIPLE; 
An ultrasonic interferometer is a simple and direct device to determine 
the ultrasonic velocity in liquids. In the present work, a single frequency 
(4 MHz) ultrasonic interferometer (Mittal's Model F-81) was used to 
determine the ultrasonic velocity in the test solutions. 
Its principle of working is based on the accurate measurement 
of wave length, X, in the medium. The ultrasonic waves of known 
frequency, v, are produced by a quartz crystal fixed at the bottom 
of the cell and are reflected by a movable metallic plate kept parallel 
to the quartz crystal. If the separation between these two plates is 
exactly a whole multiple of the sound wave length, standing waves 
are formed in the medium. This acoustic resonance gives rise to an 
electrical reaction on the generator driving the quartz crystal and the 
anode current of the generator becomes maximum. 
If the distance is now increased or decreased and the variation 
is exactly one-half wave length (}J2) or multiple of it, the anode current 
becomes maximum. Knowing the value of wave length, the ultrasonic 
velocity can be obtained from the equation 
u = X, X V 
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DESCRIPTION: 
The ultrasonic interferometer consists of two parts, 
(A) High frequency generator and 
(B) Measuring cell. 
(A) HIGH FREQUENCY GENERATOR; 
It is designed to excite the quartz crystal at the bottom of the 
measuring cell at its resonant frequency to generate ultrasonic waves 
in the experimental liquid filled in the measuring cell. A micrometer 
to observe the change in current and two controls for the purpose of 
sensitivity regulation and initial adjustment of micrometer are provided 
on the panel of the high frequency generator. 
(B) MEASURING CELL: 
It is a special designed double walled cell for maintaining a 
constant temperature of the liquid during experiment. A fine micrometer 
screw has been provided at the top which can lower or raise the reflector 
plate in the liquid (in the cell) through a known distance. It has quartz 
crystal fixed at the bottom. 
ADJUSTMENT OF ULTRASONIC INTERFEROMETER: 
The instrument was adjusted in the following manner: 
1. The cell was inserted in the square base socket and clamped 
to it with the help of a screw provided on one of its sides. 
2. The curled cans of the cell was unscrewed and removed from 
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the cell, then the experimental liquid was filled into the middle 
portion of it and curled cap screwed it on. 
3. Water was circulated through the two tubes in the double walled 
cell in order to maintain the desired temperature. 
4. The cell wall was connected with a high frequency generator 
by a co-axial cable provided with the instrument. 
5. The generator was given few minutes warming up time before 
recording readings. 
6. The sudden rise or fall in the temperature of circulated liquid 
was avoided to prevent thermal shock to the quartz crystal. 
For the initial adjustment two knobs are provided on high frequency 
generator, one is marked with 'Adj' and other with 'Gain'. With knob 
marked 'Adj' the position of needle on the ammeter was adjusted and 
the knob marked 'Gain' was used to increase the sensitivity of instrument 
for greater deflection. The ammeter was used to record the maximum 
deflections by adjusting the micrometer. 
MEASUREMENTS: 
The measuring cell was connected to the output terminal of high 
frequency generator through a co-axial cable. The cell was filled with 
the experimental liquid before switching on tiie generator. The ultrasonic 
waves of 4MHz frequency produced by a gold plated quartz crystal 
fixed at the bottom of a cell are passed through the medium and are 
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reflected by a movable plate and the standing waves are formed in 
the liquid in between the reflector plate and the quartz cyrstal. Acoustic 
resonance due to these standing waves gives rise to an electrical reaction 
to the generator driving the quartz plate and the anode current of the 
generator becomes maximum. The micrometer screw was raised slowly 
to record the maximum anode current. The wavelength was determined 
with the help of total distance moved by the micrometer for twenty 
maxima of anode current. The total distance d, travelled by the micrometer 
gives the value of wavelength with the help of the relation, 
d = n X X/2, where n, is the number of maxima in anode current. 
Once, the wavelength is known, ultrasonic velocity can be calculated 
as described earlier. The accuracy in ultrasonic velocity measurement 
was found to be within ± 0.08%. 
VOLUMETRIC AND COMPRESSIBILITY BEHAVIOUR OF 
OVALBUMIN IN PHOSPHATE BUFFER (pH 7.0-2.4) 
AND AMINO ACIDS-UREA-WATER SYSTEMS 
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INTRODUCTION; 
Most biological macromolecules are physiologically important when 
they become associated with water. To understand proteins as a chemical 
species, basic information is needed on their physicochemical properties 
and a quantitative characterization of their aqueous solutions. Volumetric 
behaviour of solutes has proved to be of great importance in the 
understanding of interactions in solutions. 
Ultrasonic velocity data as such do not provide significant 
information about the nature and the relative strength of various types 
of intennolecular/interionic interactions, their derived parameters such 
as specific acoustic impedance, Z, adiabatic compressibility, 3> 
compressibility lowering AP, relative change in compressibility A^/ 
P° etc., provide a basis for understanding the type and the extent of 
intermolecular interactions such as weak or strong or no interaction 
at all, and may throw some light qualitatively on the mechanism of 
intermolecular processes. 
In addition, the behaviour of ultrasonic velocity in a solution 
is known to depend on temperature as well as on the composition of 
the solution. A departure from linearity in the ultrasonic velocity versus 
composition behaviour in liquid mixtures is taken as an indication of 
the existence of interaction between the different species [117,118]. 
The compressibility of the solution may be determined by the 
effects from solvent, solute, and solvation. The effects of the solute 
are separated into two parts: the compressibility of the solute molecule 
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and solute-solute interaction. If the concentration of the solution becomes 
sufficiently low, the second effect becomes negligible. 
The solute-solvent interactions were studied in the light of 
thermodynamic properties viz. the compressibility lowering, Ap. Thus 
the study of AP will ultimately lead to a better understanding of the 
influence of molecular configuration and interactions [27]. 
Partial molal volumes, and adiabatic compressibility at infmite 
dilution have often been used in a complementary mode to obtain 
information about structural and interaction phenomena associated with 
solvation processes [119, 120]. The solute-solute, and solute-solvent 
interaction studies have been a subject of interest for long time. 
The volume and compressibility behaviour of solutes in solution 
can provide information concerning solute-solvent and solute-solute 
interactions. The infinite dilution partial molal volumes and adiabatic 
compressibilities are by definition independent of solute-solute 
interactions and thus determined only by the respective intrinsic value 
and the solute-solvent interactions. Accordingly, they can be used to 
examine solute-solvent interactions. The slopes, S^  and S ,^ can be assumed 
to be an indication of solute-solute interactions. 
Gekko and Noguchi [121] have determined partial specific volume, 
v°, and partial specific adiabatic compressibility, ps of 11 globular 
proteins in water. The interaction between proteins and urea was 
investigated by Prakash et al [122] by determining the apparent partial 
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specific volumes of nine proteins in the molecular weight range 
9,000-41,000 in 8M urea, solution. 
A densimetric investigation of the interactions between solvent 
components in glycerol-water mixtures and seven proteins have been 
carried out by Gekko and Timasheff [123] in the acid pH region. 
C. Jolicoeur and J.Boileau [9] have determined apparent molal 
volume, (|>^  of oligopeptides of glycine, alanine, and serine in water 
at 25*'C. Frank J. Millero and others [56] have determined the apparent 
molal volumes and adiabatic compressibilities of 15 amino acids in 
water. Apparent molal volumes of secondary and tertiary amines and 
linear hydrocarbons were determined in benzene at 25°C by Ester F.G. 
Barbosa and Isabel M.S. Lampreia [124]. 
T.V. Chalikian and others [125] have described a method for 
evaluating the apparent molar thermodynamic characteristics of solutes 
using data derived from ultrasonic velocity measurements. Using this 
method they have determined the apparent molar volumes, the apparent 
molar thermal expansibilities, the apparent molar heat capacities, and 
the apparent molar adiabatic and isothermal compressibilities of glycine 
and alanine in aqueous solutions over the temperature range 18-45''C. 
J.S. Sandhu and Urmila Kashyap have evaluated adiabatic 
compressibilities of some amino acids in aqueous methanol [126]. Partial 
molat volumes and partial molal adiabatic compressibilities of glycine 
and D,L-alanine have been obtained in water and aqueous solutions 
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of sodium sulfate at different temperatures [127]. 
In the present work, an attempt has been made to calculate the 
various derived parameters using the ultrasonic velocity and density 
data for the following at different temperatures and concentrations, 
(i) Ovalbumin in phosphate buffer at different pH (2.4-70) 
(ii) Glycine-urea-water, and 
(iii) Threonine-urea-water system. 
THEORY: 
Specific acoustic impedance, Z, is obtained by the relation 
Z = U X p —[1.1] 
Adiabatic compressibilities, P, is calculated from the results of 
measurements on the sound velocity, U, and the density, p, using the 
following Laplace equation. 
P = u-2 X p-' —[1.2] 
Compressibilities lowering was evaluated as the difference in the 
compressibility of solvent and solution [27]. 
AP = p° - p -—[1.3] 
Relative change in adiabatic compressibility is calculated by the 
equation [128]. 
= Ap/p° -—[1.4] 
The partial specific adiabatic compressibility of solute, P ,^ is 
defined by Shiio [129] as 
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p, = - (i/v°) (av°/ap) 
= (^Vv°) Urn (p/p°-V/c -—[1.5] 
Where V„ = (p-c)/p„ -—[1.6] 
and v" = lim (l-V„)/c —[1.7] 
Where P is the adiabatic compressibility of the solution, P°, the 
adiabatic compressibility of the solvent, p, the density of the solution, 
p^, the density of the solvent, c, the concentration of solute, 
gm ml' of solution, Vo, the apparent volume fraction of solvent in 
solution, v", the partial specific volume of solute. 
The apparent molal volumes, ^^ and the adiabatic apparent molal 
compressibilities, ^^ , of the amino acids solutions were determined 
respectively, from the density, p, and adiabatic compressibility, P, 
of the solution using the equations [130]. 
M 1000(p„-p) 
^^= + 1-2 —[1.8] 
P mp„p 
MP 1 0 0 0 ( P P „ - P V ) 
and (|>j^  = + —[1.9] 
P mppp 
The limiting values ^J^ and ^^g" were obtained by linear extrapolation 
using the least-squares fit to the equations. 
^^ = ^\ + S^ m —-[1.10] 
and *Ks = *"K(S) + S^m —[1.11] 
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Where ^^^, = V° and ^\^ = K" are the infinite dilution partial 
molal volume and partial molal adiabatic compressibility, respectively, 
and S^ . and S^ are the experimental slopes. 
RESULTS AND DISCUSSION; 
The density data of solutions have been least squares fitted 
to a equation of the form, p = a+bT+cT\ where p is the density at 
temperature T, while a,b, and c, are constants [Table 1.1]. 
The measured values of ultrasonic velocities are listed in Table 
[1.2] at several temperatures for each of the compositions studied. The 
values of U, are found to increase linearly with increase in temperature, 
and are also afTected by change in concentration. The sound velocity 
of the solutions increased in proportion to the protein or amino acids 
concentration. The variation in the values of U, with composition at 
different temperatures is shown in fig. [1.1]. 
The specific acoustic impedance, Z, is found to increase with 
increase in temperature [Table 1.3]. This is in accordance with equation 
[1.1], in which, Z, is directly proportional to ultrasonic velocity, which 
increases with an increase in temperature. An increase in the value 
of, Z, is also noted with an increase in the concentration of Ovalbumin 
or with molality of glycine/threonine, as shown in Fig. [1.2]. Comparison 
of Fig. [1.1] Vith that of [1.2] suggest the presence of interactions 
between the solute and the solvent in the cases of amino acids. 
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TABLE 1.1: Least - square fit parameters of the density equation, 
p=a+bT+c'P as functions of concentration for the 
systems. 
Concentration 
of ovalbumin 
lxl0^gm.ml"^ 
0.00 
4 
6 
8 
10 
0.00 
4 
6 
8 
10 
0.00 
4 
6 
8 
10 
0.00 
4 
6 
8 
10 
a 
-3 gm.cm 
bxlO^ 
gm.cm-% 
c x l 0 6 
'^ gm.cm'^ K'^ 
(a) Ovalbumin in phosphate buffer pH 
0.7094 
0.6819 
0.68998 
0.6721 
0.6208 
2.3695 
2.5423 
2.5110 
2.6328 
2.9607 
-4.4663 
-4.7273 
-4.6993 
-4.8951 
-5.408 
(b) Ovalbumin in phosphate buffer pH 
0.7131 
0.7083 
0.7593 
0.7723 
0.8199 
2.2426 
2.2901 
1.9865 
1.9182 
1.6351 
-4.1970 
-4.2879 
-3.8334 
-3.7425 
-3.3182 
sum of 
squares of 
residuals xlO' 
7.0 
3.6923 
1.S168 
1.5268 
6.8524x10-' 
4.3697 
6.0 
6.5718x10'' 
2.8284x10'' 
5.6997x10'' 
7.7016x10'' 
2.6687 
(c) Ovalbumin in phosphate buffer pH 5.2 
0.7112 
0.9864 
0.8645 
0.7478 
0.6751 
2.2667 
0.9209 
1.3089 
2.0391 
2.5001 
(d) Ovalbumin in 
0.6390 
0.7592 
0.7694 
0.7160 
0.7152 
2.7168 
1.9699 
1.9092 
2.2460 
0.2503 
-4.2727 
-2.1645 
-2.7663 
-3.9003 
-4.6233 
1.2042 
1.0099 
8.5512x10'' 
6.2813x10'' 
4.9177x10'' 
phosphate buffer pH 2.4 
-4.9837 
3.8097 
-3.7145 
-4.2381 
-4.2382 
4.1842 
6.3815x10'' 
5.2872x10'' 
1.3823x10'' 
2.5238x10'' 
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TABLE l.He) Least - square fit parameters of the density equation, 
p=a+bT+c'P as function of molality for the Glycine-
urea-water system. 
molality 
of glycine 
mol. Kgr^  
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
0.9016 
1.0018 
a 
gm.cm"^ 
0.8598 
0.6999 
0.7330 
0.7671 
0.8255 
0.8833 
0.7548 
0.8138 
0.8683 
0.9046 
0.7996 
b x l 0 3 
gm.cm^^K^^ 
1.2306 
2.2913 
2.1050 
1.9195 
1.5671 
1.2108 
2.0854 
1.7292 
1.3809 
1.1906 
1.8951 
c x l 0 6 
gm.cm"3 K~2 
-2.5712 
-4.2857 
-3.9996 
-3.7149 
-3.1430 
-2.5715 
-4.0003 
-3.4288 
-2.8573 
-2.5712 
-3.7142 
sum of 
squares of 
residuals X10' 
1.1429 
2.2851 
1.0343x10'' 
2.2865 
5.7367x10"' 
1.1419 
2.7966x10"* 
1.1446 
5.7435x10"' 
1.1453 
2.2878 
TABLE l.Ufi Least - square fit parameters of the density equation, 
p=a+bT+cT2 as function of molality for the Threonine-
urea-water system. 
molality 
of Threonine 
mol. Kg-1 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
a 
gm.cm"3 
0.8598 
0.7859 
0.7596 
0.8263 
0.8273 
0.7821 
0.8453 
0.8457 
0.9630 
b x l 0 3 
gm.cm^^K"! 
1.2306 
1.7528 
1.9395 
1.5671 
1.5746 
1.9151 
1.5471 
1.5551 
0.8426 
c x l 0 6 
gm.cm"3 K~2 
-2.5712 
-3.4281 
-3.7149 
-3.1430 
-3.1424 
-3.7142 
-3.1430 
-3.1430 
-1.9999 
sum of 
squares of 
residuals xlO' 
1.1429 
5.1487 
2.2865 
5.7367x10"' 
4.5743 
2.2878 
5.7367x10"' 
4.5798 
3.0189x10"* 
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TABLE 1.2 (a) Experimental ultrasonic velocities, U, (m.s') as 
functions of concentration and temperature for 
Ovalbumin in phosphate buffer pH 7.0 system. 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
0.0 
1524.1 
1534.0 
1544.2 
1554.1 
1563.8 
1574.3 
1583.7 
1594.0 
1603.8 
1614.0 
1625.8 
4 
1524.3 
1534.8 
1544.8 
1555.7 
1560.6 
1567.0 
1573.0 
1573.8 
1577.0 
1578.0 
1578.9 
6 
1526.8 
1537.3 
1545.0 
1557.8 
1562.1 
1567.6 
1573.1 
1574.5 
1577.6 
1578.5 
1579.6 
8 
1530.3 
1541.0 
1546.0 
1558.6 
1564.0 
1569.0 
1573.2 
1576.0 
1578.0 
1578.8 
1580.8 
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TABLE 1.2(b) Experimental ultrasonic velocities, U, (m.s') as 
functions of molality and temperature for Glycine-
urea-water system. 
mdahyof y 
dydne / 
molkg' >^ 
/^emp.(K) 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
0.9016 
1.0018 
298.15 
1502.2 
1503.4 
1507.7 
1511.7 
1518.8 
1529.5 
1534.1 
1535.1 
1539.4 
1540.3 
1547.3 
303.15 
1512.2 
1512.8 
1518.6 
1524.8 
1532.0 
1537.1 
1542.6 
1544.2 
1547.5 
1550.1 
1556.1 
308.15 
1520.9 
1522.8 
1532.0 
1535.2 
1542.6 
1544.8 
1549.6 
1553.7 
1557.8 
1561.0 
1566.0 
313.15 
1528.8 
1533.6 
1543.7 
1548.4 
1552.1 
1552.5 
1555.9 
1563.7 
1566.8 
1572.0 
1574.0 
318.15 
1536.4 
1544.6 
1550.4 
1557.7 
1561.6 
1561.8 
1562.0 
1572.0 
1576.2 
1582.9 
1583.6 
TABLE 1.2 (c) Experimental ultrasonic velocities, U, (m.s'l) as 
functions of molality and temperature for 
Threonine-urea-water, system. 
fflolafityof y 
nreonine / 
molkg' >^ 
j^enip.(K) 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
298.15 
1502.2 
1512.8 
1513.8 
1522.0 
1528.2 
1535.8 
1544.3 
1548.0 
1556.5 
30315 
1512.2 
1520.7 
1524.1 
1531.4 
1536.3 
1545.2 
1551.7 
1555.8 
1564.0 
308.15 
1520.9 
1527.6 
1531.2 
1541.2 
1548.2 
1554.8 
1560.4 
1565.4 
1571.8 
313.15 
1528.8 
1536.8 
1541.8 
1552.0 
1556.3 
1563.3 
1568.9 
1574.0 
1580.8 
318.15 
1536.4 
1544.5 
1552.2 
1560.0 
1568.9 
1572.5 
1576.7 
1582.9 
1588.3 
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Ulltrasonic velocity (1x10^ m/s) 
0.2 0.4 0.6 0.8 
molality (mol/Kg) 
1.2 
296.15 K 3C3.15 K 308.15 K 313.15 K 316 15 K 
Fig. 1.1 (b) Ultrasonic veloci ty ,u , (m/s) 
vs molality for Glycine - Urea - Water 
sys tem 
ultrasonic velocity (lxlO~ m/s) 
296.15 K 
0.4 0.6 
moledity (mol/kg) 
303.15 K - * - 308.15 K -* 
0.8 
313,15 K 318.15 K 
Fig. 1.1 (c):Ultrasonic veloci ty ,u , (m/s) 
vs molality for Threonine—Urea-Water 
sys t em 
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TABLE 1.3 (a) Specific acoustic impedance (ZxlO^ gm cm'^  s') 
as functions of concentration and temperature of 
Ovalbumin in phosphate buffer pH 7.0 system. 
^ cf-<y 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
0 
1.5532 
1.5604 
1.5678 
1.5749 
1.5812 
1.5878 
1.5932 
1.5994 
1.6041 
1.6087 
1.6120 
4 
1.5551 
1.5627 
1.5699 
1.5780 
1.5798 
1.5822 
1.5837 
1.5806 
1.5787 
1.5744 
1.5691 
6 
1.5590 
1.5668 
1.5717 
1.5818 
1.5829 
1.5844 
1.5855 
1.5825 
1.5803 
1.5758 
1.5709 
8 
1.5638 
1.5723 
1.5746 
1.5845 
1.5864 
1.5874 
1.5872 
1.5853 
1.5820 
1.5772 
1.5737 
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TABLE 1.3 (b) Specific acoustic impedance (ZxlO'S gm.cm'^S') 
as functions of molality and temperature of 
Glyclne-urea-water system. 
of (Hycine > / 
mol. Kg^J^ 
>/Teinp.(K) 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
0.9016 
1.0018 
298.15 
1.4995 
1.5066 
1.5154 
1.5256 
1.5390 
1.5535 
1.5663 
1.5729 
1.5794 
1.5881 
1.6007 
303.15 
1.5071 
1.5139 
1.5241 
1.5364 
1.5499 
1.5586 
1.5725 
1.5796 
1.5851 
1.5954 
1.6071 
308.15 
1.5131 
1.5213 
1.5349 
1.5443 
1.5579 
1.5637 
1.5769 
1.5865 
1.5929 
1.6036 
1.6144 
313.15 
1.5183 
1.5293 
1.5437 
1.5544 
1.5645 
1.5685 
1.5802 
1.5936 
1.5989 
1.6118 
1.6195 
318.15 
1.5227 
1.5370 
1.5471 
1.5605 
1.5708 
1.5746 
1.5829 
1.5986 
1.6052 
1.6195 
1.6257 
TABLE U re) Specific acoustic impedance (ZxlO , gm cm'^ s~l) as 
functions of molality and traiperature of Threonine-
urca-water system. 
mcriality 
of ThreoniiB^^ 
mol. Kg;^^'''^ 
^^^Timp.(K) 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
298.15 
1.4995 
1.5157 
1.5215 
1.5360 
1.5485 
1.5599 
1.5767 
1.5861 
1.5970 
303.15 
1.5071 
1.5218 
1.5296 
1.5430 
1.5543 
1.5668 
1.5818 
1.5914 
1.6020 
308.15 
1.5131 
1.5261 
1.5341 
1.5503 
1.5635 
1.5738 
1.5879 
1.5984 
1.6072 
313.15 
1.5183 
1.5325 
1.5418 
1.5581 
1.5688 
1.5794 
1.5934 
1.6041 
1.6132 
318.15 
1.5227 
1.5369 
1.5489 
1.5628 
1.5782 
1.5854 
1.5978 
1.6097 
1.6175 
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rS 
1.63 
specific acoustic iinpedance(ZxlO ,gin c in "^5"0 
298.15 K 
0.4 0.6 0.8 
molality (mol/kg) 
303.15 K - * - 308.15 K -^- 313 15 K 
1.2 
318 15 K 
Fig. 1.2(b):Specific a c o u s t i c i m p e d a n c e 
vs m o l a l i t y for G l y c i n e - U r e a - W a t e r 
s y s t e m 
Specific acoustic iinpedance(ZxlO gm cm s ' ' ) 
0.2 
298.15 K 
0.4 * 0.6 
molality (mol/kg) 
303.16 K - * - 308.15 K -^ 
0.6 
313.15 K 318.15 K 
Fig. 1.2 (c) :Speci f ic a c o u s t i c i m p e d a n c e 
vs m o l a l i t y for T h r e o n i n e - U r e a - W a t e r 
s y s t e m 
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The adiabatic compressibility, p, obtained from equation [1.2] 
decreases with increase in temperature [Table 1.4] and composition 
[Fig. 1.3]. It is primarily the compressibility factor that changes with 
structure. The decrease in compressibility with increase in thermal 
breaking of the solvent components, which, in turn results in greater 
attractive forces among the molecules of a solution. Decrease in the 
P values with increase^n composition may be due to decrease in the 
solute-solvent interactions. This leads to a change in the ultrasonic 
velocity, the greater the attractive forces among the molecules of a 
liquid, the smaller will be the compressibility. 
The compressibility lowering, Ap, calculated from equation [1.3] 
varies with concentration and temperature [Table l.S], Ap increases 
with composition and decreases with temperature. The variation of 
compressibility lowering with the concentration is shown in [Fig 1.4] 
at different temperatures. Linear relationship between the compressibility 
lowering and the solute concentration is found, [27].. 
Relative change in adiabatic compressibilities, Ap/p°, obtained 
from equation [1.4] is reported in Table [1.6]. It is noteworthy that 
the plots shown in Fig. [1.5] for the relative change in adiabatic 
compressibility are linear in the case of protein showing strong interactions 
and characteristics in those of amino acids for the presence of dipole-
dipole interactions and increase in the solvation of such molecules. 
The values of apparent partial specific volume, V^ ,, obtained from 
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TABLE 1.4 fa): Adiabatic compressibility (pxlO^^, cm^ dyne*) as 
functions of concentration and temperature of 
Ovalbumin in phosphate buffer pH 7.0 system. 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
0.00 
4.2243 
4.1778 
4.1305 
4.0857 
4.0443 
4.0004 
3.9633 
3.9224 
3.8870 
3.8515 
3.8205 
4 
4.2187 
4.1693 
4.1232 
4.0736 
4.0561 
4.0334 
4.0142 
4.0201 
4.0166 
4.0252 
4.0364 
6 
4.2011 
4.1517 
4.1181 
4.0583 
4.0443 
4.0263 
4.0093 
4.0133 
4.0112 
4.0202 
4.0299 
8 
4.1787 
4.1273 
4.1079 
4.0493 
4.0305 
4.0152 
4.0048 
4.0025 
4.0059 
4.0159 
4.0198 
lABLE 1.4(b); 
39 
Adiabatic compressibility (pxlO , cm dyne') as func-
tions of molality and temperature of Glycine-urea-
water system. 
•olaityof > 
Otydne y/^ 
^XTemp.(K) 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
, 0.5009 
0.6011 
0.7013 
0.8014 
0.9016 
1.0018 
298.15 
4.4394 
4.4151 
4.3768 
4.3360 
4.2782 
4.2086 
4.1617 
4.1416 
4.1129 
4.0882 
4.0376 
303.15 
4.3879 
4.3665 
4.3207 
4.2686 
4.2114 
4.1741 
4.1224 
4.0998 
4.0767 
4.0437 
3.9986 
308.15 
4.3453 
4.3167 
4.2526 
4.2181 
4.1612 
4.1399 
4.0925 
4.0569 
4.0301 
3.9948 
3.9555 
313.15 
4.3083 
4.2638 
4.1964 
4.1547 
4.1181 
4.1066 
4.0674 
4.0131 
3.9917 
3.9468 
3.9230 
318.15 
4.2744 
4.2121 
4.1689 
4.1139 
4.0767 
4.0663 
4.0444 
3.9794 
3.9524 
3.9010 
3.8843 
KkBLE 1.4(c) I Adiabatic compressibility OxlO , cm dyne') as 
functions of molality and temperature of Threonine-
urea-water system. 
•dality 
rf ThreoniiKx^ 
WiVY^y^ 
y'^anpXK) 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
: 0.7013 
0.8014 
298.15 
4.4394 
4.3552 
4.3309 
4.2569 
4.2087 
4.1447 
4.0821 
4.0519 
3.9827 
303.15 
4.3879 
4.3148 
4.2789 
4.2114 
4.1706 
4.1009 
4.0499 
4.0177 
3.9514 
308.15 
4.3453 
4.2836 
4.2461 
4.1654 
4.1140 
4.0576 
4.0123 
3.9759 
3.9195 
313.15 
4.3083 
4.2401 
4.1958 
4.1154 
4.0789 
4.0210 
3.9768 
3.9402 
3.8825 
318.15 
4.2744 
4.2068 
4.1481 
4.0818 
4.0216 
3.9827 
3.9460 
3.9040 
3.8538 
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Adiabatic co mpressibilily 
4.4 
0.2 
298.15 K 
0.4 0.6 0.8 
molality (mol/kg) 
303.15 K - * - 3 0 8 15 K - B - 3 1 3 . 1 5 K 318.15 K 
F i g . l . 3 ( b ) : A d i a b a t i c compress ib i l i t y vs 
m o l a l i t y fo r G l y c i n e - U r e a - W a t e r s y s t e m 
4.4 
Adiabatic com press ib i l i ty (s (^x \0 " , Cvw^ j a ^ w c ) 
298.15 K 
0.4 0.6 
molality (mol/kg) 
303.15 K - * - 308,15 K -^ 313.15 K 318.15 K 
Fig. 1 .3 (c ) :Adiaba t i c compress ib i l i t y vs 
m o l a l i t y fo r T h r e o n i n e - U r e a - W a t e r s y s t e m 
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TABLE 1.5(a) : Compressibility lowering ( A^xlO , cm dyne*) as 
functions of molality and temperature of Ovalbumin 
in phosphate buffer pH 7.0 system. 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
4 
0.566 
0.845 
0.727 
1.202 
-1.179 
-3.296 
-5.091 
-9.773 
-12.963 
-17.37 
-21.591 
6 
2.317 
2.608 
1.239 
2.739 
-0.001 
-2.589 
-4.602 
-9.095 
-12.417 
-16.873 
-20.949 
8 
4.564 
5.044 
2.256 
3.634 
1.379 
-1.476 
-4.154 
-8.013 
-11.893 
-16.439 
-19.933 
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TABLE 1.5(b): Compressibility lowering (Apxio", cm* dyne ') as 
functions of molality and temperature of Glycine-urea-
water system. 
molaityof /^ 
Gtydne JT 
X Temp.(K) 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
0.9016 
1.0018 
298.15 
2.434 
6.259 
10.341 
16.123 
23.085 
27.777 
29.779 
32.652 
35.124 
40.186 
303.15 
2.144 
6.726 
11.933 
17.65 
21.389 
26.555 
28.817 
31.121 
34.422 
38.933 
308.15 
2.862 
9.266 
12.721 
18.412 
20.54 
25.284 
28.836 
31.521 
35.047 
38.98 
313.15 
4.453 
11.193 
15.357 
19.017 
20.166 
24.093 
29.523 
31.658 
36.151 
38.531 
318.15 
6.227 
10.545 
16.051 
19.772 
20.806 
22.996 
29.5 
32.201 
37.34 
39.013 
TABLE 1.5 (c) >>3 Compressibility lowering (ApxlO", cm dyne'^ as 
functions of molality and temperature of Threonine-
urea-water system. 
mdality' 
of Thieonine ^ ^ 
mol. Kg-J^ ^^ *^ ^ 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
298.15 
8.426 
10.856 
18.256 
23.073 
29.469 
35.735 
38.749 
45.676 
303.15 
7.316 
10.904 
17.653 
21.735 
28.706 
33.800 
37.029 
43.651 
308.15 
6.171 
9.923 
17.986 
23.128 
28.774 
33.295 
36.942 
42.578 
313.15 
6.822 
11.249 
19.291 
22.936 
28.726 
33.155 
36.808 
42.578 
318.15 
6.764 
12.634 
19.26 
25.276 
29.165 
32.839 
37.035 
42.06 
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20 
10 
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Compressibility lowering ^ ^ ( 3 x lO ^ , O U A ^ / d^v^e.) 
• ^ j - ' ^ ^ S ' ^ ? 
- ^ ^ — \ > 1 > 1 1 i 1 \ 
0.2004 0.4007 0.6011 0.8014 1.0018 
molality (mol/kg) 
298 15 K -t—303.15 K * 308.15 K O" 313.15 K ^« -318 .15 K 
Fig. 1.4(b):Compressibil ity lowering vs 
molality for Glyc ine-Urea—Water sys tem 
Compressibility lowering 
0.1002 0.2004 0.3005 0.4007 0.5009 0.6011 0-7013 0.8014 
molality (mol/kg) 
^ ^ 298.15 K —^-303.15 K " * " 308.15 K - B - 3 1 3 . 1 5 K "^^ 318.15 K 
Fig. l .4(c):Conipressibi l i ty lower ing vs 
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TABLE 1.6 (a) : Relative change in Compressibility (A /^p^xlO ,) as 
functions of concentration and temperature, for 
Ovalbumin in phosphate buffer pH 7.0 system. 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
4 
1.3399 
2.0226 
1.7601 
2.9420 
-2.9152 
-8.2392 
-12.8453 
-24.9158 
-33.3496 
-45.0993 
-56.5135 
6 
5.4849 
6.2425 
2.9996 
6.7039 
-0.0025 
-6.4719 
-11.6115 
-23.1873 
-31.9449 
-43.8089 
-54.8331 
8 
10.8041 
12.0733 
5.4618 
8.8944 
3.4097 
-3.6896 
-10.4811 
-20.4288 
-30.5968 
-42.682 
-52.1737 
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TABLE 1.60)) : A 2 Relative change in Compressibility (Ap/p xlO ,) as 
functions of temperature and molality for the 
Glycine-urea-water system. 
molaityof JT 
Glycine /^ 
molkgV^ 
/ Temp.(K) 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
0.9016 
1.0018 
298.15 
0.6165 
1.4099 
2.3294 
3.6318 
5.2000 
6.2569 
6.7079 
7.3550 
7.9119 
9.0521 
303.15 
0.4886 
1.5329 
2.7195 
4.0224 
4.8745 
6.0519 
6.5674 
7.0925 
7.8448 
8.8728 
308.15 
0.6586 
2.1324 
2.9275 
4.2372 
4.7269 
5.8187 
6.6361 
7.2540 
8.0655 
8.9706 
313.15 
1.0336 
2.598 
3.5645 
4.4140 
4.6807 
5.5922 
6.8526 
7.3481 
8.3910 
8.9434 
318.15 
1.4568 
2.4670 
3.7551 
4.6257 
4.8676 
5.3799 
6.9016 
7.5335 
8.7357 
9.1271 
TABLE 1.6(c) Relative change in Compressibility (A^/p x l 0 \ as 
functions of temperature and molality for the 
Threonine-urea-water system. 
tncriality 
of Threonine ^ ^^ 
mol.KrJx'^^ 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
298.15 
2.4454 
4.1123 
5.1973 
6.6381 
8.0495 
8.7284 
10.2888 
303.15 
2.4850 
4.0231 
4.9534 
6.5421 
7.7030 
8.4389 
9.9480 
308.15 
2.2836 
4.1392 
5.3225 
6.6219 
7.6623 
8.5016 
9.7986 
313.15 
2.611 
4.4776 
5.3237 
6.6676 
7.6956 
8.5435 
9.8828 
318.15 
2.9557 
4.5059 
5.9133 
6.8232 
7.6827 
8.6644 
9.8400 
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Relative change in compressibility 
0.1002 0.3005 0.5009 0.7013 0.9016 
molality (mol/Kg) 
— 298.15 K —>— 303 15 K - * - 306 15 K - e - 313 15 K - ^ 318 15 K 
Fig. 1.5(b) Rela t ive c h a n g e in c o m p r e -
s s i b i l i t y v s mola l i ty for t h e G l y c i n e -
U r e a - W a t e r s y s t e m 
Relative change in compressibility 
0.1002 
29B 15 K 
0.3005 0.5009 0.7013 
molahty (mol/Kg) 
*— 303 15 K - * - 308 15 K - a - 313 15 K - > ^ 318 15 K 
Fig. 1.5(c) Rela t ive c h a n g e in c o m p r e -
s s ib i l i t y v s m o l a l i t y for t h e T h r e o n i n e -
Urea—Water s y s t e m 
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equation [1.6] are listed in Table [1.7], in which V^ values show slight 
decrease with increase in concentration of protein. By changing the 
pH of the system V^  values also change, at pH 2.4, V,, values are 
high, while low value of V^ is found at pH 7.0. This change in V^ , 
values by changing the pH of the system could be explained as the 
ionized groups are distributed on the surface of the molecule, by 
changing the pH of the system the electrostrictional efiTect (or charge 
effect) increase the values V .^ 
The partial specific volume, v^ ,, was determined as the extrapolated 
value of the apparent specific volume to zero protein concentration 
from equation [1.7] by the least-squares method Fig. [1.6] and the 
results are presented in Table [1.8]. Reported value of v^  at 25''C and 
at pH 7.0 is 0.744 ml/gm [131] and in present study v„ is found to 
be 0.7512 ml/gin at 25°C and at pH 7.0. Standard deviation in calculation 
of v^ , is found to be 5x10"^ ml/gm. 
According to Kauzmann's analysis [32] the partial molar volume 
of a protein in solution results from three contributions (1) ibe 
constitutive volume (V )^ estimated as a sum of constitutive atomic or 
group volumes, (2) the void volume (V^^^) in the molecule because 
of the imperfect atomic packing, and (3) the volume change due to 
the structural change of water of solvation (AV^,). 
yO = V + V .^  + AV , 
e void sol 
Here, V^ ^^  involves not only the incompressible void formed by 
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TABLE L7U) 
TABLE IJfb) 
Apparent volume fraction of solvent in solution, V,^s 
functions of temperature and concentration for 
Ovalbumin in phosphate buffer pH 7.0 system. 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
4 
0.99715 
0.99705 
0.99705 
0.99694 
0.99723 
0.99712 
0.99682 
0.99691 
0.99690 
0.99699 
0.99708 
6 
0.99607 
0.99607 
0.99606 
0.99605 
0.99624 
0.99613 
0.99592 
0.99552 
0.99550 
0.99559 
0.99577 
8 
0.99489 
0.99518 
0.99527 
0.99526 
0.99525 
0.99514 
0.99493 
0.99452 
0.99430 
0.99428 
0.99476 
10 
0.99372 
0.99419 
0.99429 
0.99438 
0.99436 
0.99435 
0.99423 
0.99332 
0.99300 
0.99298 
0.99365 
Apparent volume fraction of solvent In solution, V,, 
as functions of temperature and concentration for 
Ovalbumin in phosphate buffer pH 6.0 system. 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
4 
0.99732 
0.99732 
0.99722 
0.99711 
0.99691 
0.99719 
0.99699 
0.99688 
0.99687 
0.99686 
0.99655 
6 
0.99623 
0.99603 
0.99582 
0.99552 
0.99541 
0.99559 
0.99529 
0.99517 
0.99506 
0.99504 
0.99503 
8 
0.99494 
0.99464 
0.99453 
0.99422 
0.99381 
0.99389 
0.99378 
0.99366 
0.99324 
0.99332 
0.99330 
10 
0.99385 
0.99335 
0.99324 
0.99273 
0.99231 
0.99239 
0.99218 
0.99206 
0.99143 
0.99160 
0.99188 
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TABLE 1.7(c) 
TABLE 1.7(d) 
Apparent volume fraction of solvent in solution, V,,as 
functions of temperature and concentration for 
Ovalbumin in phosphate baffer pH 5.2 system. 
Temp(K)y>^ 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
4 
0.9974 
0.99682 
0.99681 
0.99661 
0.99639 
0.99649 
0.99658 
0.99657 
0.99707 
0.99777 
6 
0.9957 
0.99533 
0.99532 
0.99511 
0.99509 
0.99509 
0.99527 
0.99526 
0.99545 
0.99615 
8 
0.9939 
0.99384 
0.99392 
0.99381 
0.99389 
0.99388 
0.99427 
0.99385 
0.99404 
0.99442 
10 
0.9924 
0.99244 
0.99263 
0.99262 
0.99259 
0.99268 
0.99296 
0.99244 
0.99262 
0.99269 
Apparent volume fraction of solvent in solution, V,,as 
functions of temperature and concentration for 
Ovalbumin in phosphate baffer pH ^ .2|System. 
T e m p C K ) ^ ^ 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
4 
0.9976 
0.99771 
0.99751 
0.99760 
0.99740 
0.99749 
0.99758 
0.99728 
6 
0.9963 
0.99632 
0.99611 
0.99630 
0.99600 
0.99609 
0.99608 
0.99596 
8 
0.9947 
0.99482 
0.99481 
0.99490 
0.99479 
0.99478 
0.99467 
0.99465 
10 
0.9932 
0.99333 
0.99342 
0.99351 
0.99339 
0.99338 
0.99326 
0.99334 
53 
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296 15 K 
328 15 K 
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346 15 K 
Fig. 1.6(a) ( l -Vo) /c vs cone, of 
Ovalbumin in phosphate buffer at pH-7 0 
0.9 
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298 15 K 
326 15 K 
Cone. X 10 (gm/ml) 
308 15 K 
338 15 K 
318 15 K 
348 15 K 
Fig 1 6(b) ( l -Vo) /c vs cone of 
Ovalbumin in phosphate buffer at pH-6 0 
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Fig. 1.6(d):(l-Vo)/c vs cone of 
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TABLE 1.8 : Partial specific volume u° (ml gm'^ ) as functions of 
temperature and pH of the system for Ovalbumin in 
phosphate buffer. 
Temp(K) ^ ^ x " ^ 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15' 
348.15 
pH7.0 
0.7512 
0.8275 
0.8381 
0.8798 
0.7655 
0.8083 
0.9168 
0.8499 
0.8260 
0.7864 
0.7993 
pH6.0 
0.6917 
0.6692 
0.7133 
0.7333 
0.7725 
0.6661 
0.7458 
0.7812 
0.7400 
0.7599 
0.8856 
pH5.2 
0.5786 
0.8192 
0.8383 
0.9236 
0.9918 
0.9698 
0.9486 
0.9056 
0.7428 
0.4567 
pH2.4 
0.5365 
0.5142 
0.6078 
0.5658 
0.6528 
0.6117 
0.5713 
0.6893 
i ( Ace. No 
~'i .1 IJ 
-r-y 
•y 
/-^ 
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the closest packing of atoms but also the compressible void or space 
generated by the random close packing of them. 
AV ,^ is ascribed to three types of hydration, electrostriction around 
the ionic groups, hydrogen-bonded hydration around the polar groups 
and hydrophobic hydration. Each of them produces a negative volume 
change, and the resulting negative AV^, has been shown to tend to 
cancel out almost completely the positive value of V^ .^ 
The term V^ ^^ ^ should contribute positively, and AV^j should 
negatively to v .^ Both the terms have been known to tend to cancel 
almost completely, making it possible to calculate the partial specific 
volume of a protein to a good approximation as the sum of constitutive 
atomic or group's volumes [132-135]. 
For Ovalbumin at different pH, v" vs temperature and v° vs pH 
plots are shown in Figs. [1.7 and 1.8 respectively]. At pH 7.0, v° increases 
very slightly with temperature upto 313.15''K, then after denaturation 
no trend is observed in v°vs T plots, while in those of pH 6.0 and 
pH 2.4 systems irregular trends are found. However, in case of 
Ovalbumin atpH 5.2 systems v" increases with temperature upto 318.15**K 
and then decreases with increase in temperature. Highest values of v" 
are observed at pH 7.0 while lowest at pH 2.4. 
For Ovalbumin, there was a linear relationship between 
0/p» -V„)/c and c [121] as shown in Fig. [1.9] and reported in Table 
[1.9]. The values of lim ,^ 0/p"-Vj,)/c obtained by an extrapolation 
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Partial specific volume, U''(grn~'ml ) 
295 300 305 310 315 320 325 330 335 340 345 350 
Temperature (K) 
7.0 pH 6.0 pH 5.2 pH 2.4 pH 
Fig 1.7:Partial specific volume vs. 
t e m p e r a t u r e for Ovalbumin in p h o s p h a t e 
buffer. 
Partial specific volume, u ' l s ^ ' n i l ) 
5.5 6 6.5 7.5 
298.15 K 308.15 K 318.15 K - B - 333.15 K 
Fig 1.8 Partial specific vo lume vs. 
pH of the system for Ovalbumin in 
phosphate buffer 
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TABLE 1.9 : (i) ( /^^ o - Vo)/c and (ii) Partial specific adiabatic 
compressibiiity (p^xlO", cm^dyne') as functions of 
concentration and temperature for Ovalbumin in 
phosphate buffer pH 7.0 system. 
Temp(K)^^v5v 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
4 
0.3775 
0.2318 
0.2975 
0.0295 
1.4213 
2.7798 
4.0063 
7.0015 
9.1124 
12.0274 
14.8585 
6 
-0.2592 
-0.3854 
0.1567 
-0.4590 
0.6271 
1.7236 
2.6153 
4.6112 
6.0742 
8.0365 
9.8439 
8 
-0.7118 
-0.9067 
-0.0915 
-0.5193 
0.1675 
1.0681 
1.9439 
3.2386 
4.5371 
6.0503 
7.1768 
Paitia] specific 
adiabatic 
conq>ressibility 
P, X 10" 
cm^dvne' 
8.0759 
6.8374 
3.4714 
2.3539 
13.8383 
21.8987 
25.7167 
48.8% 1 
63.2342 
86.5426 
105.8673 
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procedure and P^  calculated using equation [1.5] are listed in Table 
[1.9]. Plot of P, vs. temperature is shown in Fig. [1.10] upto 313.15°K 
P^  values decreases this may be due to the loss of water from the 
surface of protein molecule, and some hydrophobic groups present on 
the surface come closer i.e. attractive forces among the molecule in 
a solution becomes greater. After denaturation, it is reasonable to expect 
that the temperature induced increase in P^  of ovalbumin is mainly 
caused by the diminished amount of hydration. The positive p^  observed 
for the globular proteins may be ascribed to a large cavity effect 
overcoming the hydration effect. Although the compressibility is a bulk 
thermodynamic property, it may rather sensitively depend on the 
structural characteristics of individual proteins. However, it was found 
that P^  is highly correlative with the partial specific volume "v" of a 
protein as shown in [Fig. 1.11]. The figure indicates that the unfolding 
occurs in two steps at pH 7.0. The value of P^  is inversely related 
with polarity and flexibility of the protein [136]. 
The values of <|>^  and <|>^  for the Glycine-urea-water and Threonine-
urea-water systems are calculated using equation [1.8] and equation 
[1.9] respectively, and their values are recorded in Tables [1.10] and 
[1.11]. The ^^ and ^^ values show an irregular trend with concentration 
as displayed in Fig. [1.12] and Fig. [1.13]. The partial molal volume 
^J^ is obtained from (j>^  vs m plots, using equation [1.10], and the partial 
molal compressibility, ^^^g), is obtained from ^^^ vs m plots, using 
61 
120 
Partial specific adiabatic coyw^VftS5\^\li^-i^ (^ ft5>-\D CM*- /o'jwej 
100--
295 300 305 310 315 320 325 330 335 340 345 350 
Temperature (K) 
Fig 1.10: Part ial specific adiabat ic 
compressibility vs t e m p e r a t u r e of 
Ovalbumin in phospha te buffer at pH 7.0. 
partial specific volume, U, (ml/gm ) 
0.93 --
0.88 - -
0.83 - -
0.78 
0.73 
20 40 60 100 120 
Partial specific adiabatic ^ovM^T&SSibiliVvJ 
Fig 1.11 par t ia l specific adiabat ic 
compressibility vs. par t ia l specific 
volume of Ovalbumin a t pH 7.0. 
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TABLE 1.10 (a) Apparent molal volume, 4,* C^ ™' mol') as functions 
of molality and temperature for the Glycine-Urea-
Water system. 
molality y^ 
of Glycine y ^ 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
0.9016 
1.0018 
298.15 
36.0021 
40.3709 
38.0483 
36.8282 
39.4505 
39.3087 
34.6276 
39.2964 
37.4633 
37.4769 
303.15 
33.9884 
39.8771 
38.0503 
36.8265 
39.6588 
36.3058 
36.6021 
39.4249 
37.6882 
37.5792 
308.15 
33.9761 
39.8850. 
38.0522 
37.0766 
39.8687 
36.4704 
36.7440 
39.5635 
37.9146 
37.7830 
313.15 
33.9626 
40.3996 
38.7291 
37.3281 
40.0804 
36.8044 
37.0311 
39.8259 
38.1426 
37.9882 
318.15 
34.9627 
40.9191 
39.0726 
37.5812 
40.2945 
37.1405 
37.3201 
39.9634 
38.3724 
38.2969 
TABLE 1.10(b) Apparent molal volume, 4^ , (Cm^ mol'*) as functions 
of molality and temperature for the Threonine-Urea-
Water system. 
molality of JT 
Threorane y/^ 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
298.15 
63.8944 
71.5852 
65.1935 
69.9012 
68.1590 
68.9137 
71.6931 
68.8609 
303.15 
62.9027 
71.1193 
65.2125 
69.6820 
68.1881 
69.1150 
71.7340 
69.1487 
308.15 
63.9228 
70.6523 
65.5698 
69.9716 
68.4224 
69.4895 
72.0705 
69.4401 
313.15 
63.9379 
71.2003 
65.9306 
70.2650 
68.6598 
69.8683 
72.4117 
69.7353 
318.15 
64.9712 
71.2462 
66.2962 
70.3082 
69.1074 
70.2539 
72.6124 
69.9073 
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Apparent mola] volume,(©y ,.cin^ mol) 
0.4 0.6 0.8 
molality (mol/kg ) 
1.2 
298.15 K 303.15 K 308.15 K 313.15 K 318.15 K 
Fig 1.12(a): Apparent molal volume vs. 
mola l i ty for Glycine-Urea-Water sys tem 
Apparent molal volume,(a)y ^cm^/mol) 
0.2 
298.15 K 
0.4 0.6 
molality (mol/kg ) 
303.15 K - * - 3 0 8 . 1 5 K -^ 
0.8 
313.15 K 318.15 K 
Fig 1.12(b): Apparent molal volume vs. 
mola l i ty for Threonine-Urea-Water sys tem 
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TABLE 1.11 (a) Apparent molal adiabatic compressibility, (^ ^x 10'", 
cm' moT'dyn') as functions of molality and 
temperature for the Glycine-Urea-Water system. 
molality y ^ 
ofCHycine >/^ 
"""^^P^PXK) 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
0.9016 
1.0018 
298.15 
-8.4400 
-13.6192 
-17.9769 
-24.5538 
-29.5671 
-31.1832 
-27.4384 
-24.6549 
-23.7120 
-25.0546 
303.15 
-6.6291 
-16.4477 
-23.5936 
-28.6889 
-26.2930 
-29.3614 
-26.2250 
-22.8915 
-23.0690 
-23.9639 
308.15 
-14.0429 
-29.5129 
-26.4991 
-30.7569 
-24.7112 
-27.3532 
-26.4219 
-23.5896 
-23.9251 
-24.1647 
313.15 
-30.2690 
-39.2882 
-35.3690 
-32.4170 
-24.0791 
-25.3903 
-27.5292 
-23.8805 
-25.3210 
-23.8263 
318.15 
-47.9771 
-35.8976 
-37.8200 
-34.4661 
-25.5252 
-23.5788 
-27.5913 
-24.7467 
-26.8181 
-24.4171 
TABLE 1.11 (h\ Apparent molal adiabatic compressibility, (^ ^x 10'*, 
cm' mol'dyn'') as functions of molality and 
temperature for the Threonine-Urea-Water system. 
m(dality of y^ 
TbKcxme y/^ 
™«"^|>lCmp.(K) 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
298.15 
-56.4164 
-23.2667 
-33.1096 
-28.2663 
-30.6881 
-31.4254 
-26.3031 
-29.6730 
303.15 
-46.1219 
-24.1656 
-31.4822 
-25.3661 
-29.5412 
-28.4309 
-24.1605 
-27.3306 
308.15 
-34.5207 
-19.7704 
-32.8477 
-29.2285 
-29.9763 
-27.7925 
-24.2922 
-26.1848 
313.15 
-41.4467 
-26.6484 
-37.5094 
-28.9769 
-30.1389 
-27.7555 
-24.3183 
-26.4238 
318.15 
-40.7794 
-34.0567 
-37.6080 
-35.3707 
-31.2244 
-27.3999 
-24.9351 
-26.0136 
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Apparent molal adiabatic compressibiliT 
- 1 0 -
- 2 0 -
-40 
0.2 0.4 0.6 0.8 
molality (mol kg ) 
298.15 K —•— 303.15 K 308.15 K - B - 318.15 K 313 15 K 
Fig 1.13(a): A p p a r e n t molal a d i a b a t i c 
c o m p r e s s i b i l i t y vs molal i ty for 
G lyc ine—Urea -Wate r s y s t e m 
Apparent molal adiabatic compressibility 
- 4 0 -
-60 
0.2 
296.15 K 
0.4 0.6 
molality (mol/kg ) 
303.15 K -^"^ 306.15 K -a 
0.8 
316.15 K 318 15 K 
Fig 1.13(b): A p p a r e n t molal a d i a b a t i c 
c o m p r e s s i b i l i t y vs molal i ty for 
T h r e o n i n e — U r e a - W a t e r s y s t e m 
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equation [1.11]. In equation [1.9] the first term is always positive, 
while the second tenn is negative, because P<3" for all the systems 
studied. Thus negative values of ^^^ and ^\^s^ are found. Slopes S^  
and Sj,^  [equations [1.10] and [1.11]] can be assumed to be an indication 
of solute-solute interactions and presence or absence of hydrogen bonds 
Values of ^^°, S^ •^i^s) ^^^ \s ^^^ given in Table [1.12]. An examination 
of Table [1.12] it was found that the S^  values are small and suggest 
weak solute-solute interactions. The values of S^ are weakly negative 
which suggest the presence of solute-solute interactions and change 
in the extent of hydration of the amino acids. 
The values of 4>KS ^^^ ^\(S) ^® governed by the chain length 
and size of the molecule, and it increase with the increase in chain 
length. This seems to be the reason for the large «|>^  and ^ / values 
for Threonine-urea-water system. The <j>j," are known to measure the 
resistance against die compression which tiie sojute molecules impart 
towards the solvent and thus give an i4ea about the solute-solvent 
interactions. 
Lower the values of j^,° greater the solute-solvent interaction, 
and higher values of ^ / greater the solute-solute interaction would 
be expected. Lower ^j^" values suggest a greater decreases of structural 
compressibility of solvent implying a greater ordering effect by the 
solute on the solvent. 
67 
TABLE 1.12 (a) Parameters obtained from apparent molal volume, 
^^, and apparent molal adiabatic compressibility, 
^^ at several temperatures for the Glycine-urea-
water system. 
Temp. 
(K) 
298.15 
303.15 
308.15 
313.15 
318.15 
i" 
37.9402 
36.9385 
36.9458 
37.3043 
37.9561 
S 
V 
-0.6404 
1.2016 
1.4294 
1.3156 
0.7681 
Sum of 
squares 
of 
residuals 
27.5252 
28.0988 
28.1061 
31.6508 
27.5920 
K : ^ 10' 
-1.3825 
-1.6232 
-2.4195 
-3.6289 
-4.3002 
S, X 10' 
ks 
-1.5962 
-1.1768 
-0.1638 
1.3706 
2.1994 
Sum of 
square 
of 
residuals 
X 10" 
2.5251 
2.9084 
1.8498 
1.0940 
1.6671 
TABLE 1.12 (b) Parameters obtained from apparent molal volume, 
^,, and apparent molal adiabatic compressibility, 
4^ at several temperatures for the Threonine-urea-
water system. 
Temp. 
(K) 
298.15 
303.15 
308.15 
313.15 
318.15 
• V 
66.1288 
65.3333 
65.6962 
65.9554 
66.5488 
S 
V 
5.3155 
6.7755 
6.6463 
6.7562 
6.1867 
Sum of 
squares 
of 
residuals 
42.3256 
42.3002 
32.0378 
35.2984 
28.7097 
V^IO' 
-4.1751 
-3.6890 
-3.0765 
-3.8166 
-4.2017 
S^x 10' 
2.0756 
1.6227 
0.5962 
1.7222 
2.1836 
Sum of 
square 
of 
residuals 
X 10" 
5.4471 
2.4910 
1.4122 
1.2352 
0.3042 
ISOTHERMAL COMPRESSIBILITY AND INTERNAL 
PRESSURE OF OVALBUMIN IN PHOSPHATE 
BUFFER (pH 2.4 -7.0) AND AMINO 
ACIDS-UREA-WATER SYSTEMS. 
68 
INTRODUCTION: 
Isothermal compressibility, P^ has been widely evaluated by many 
workers [66,67, 137], using several equations of state for pure liquids. A 
survey of the literature shows that very few attempts [63,64] have been made 
to evaluate isothermal compressibility for binary liquid mixtures. Some of 
the hard sphere models have been used to obtain various thermodynamic 
properties of liquids. Recently the equations of Theile [67], and of Camhan 
and Starling [66] were employed to obtain the isothermal compressibility 
of liquid neon at elevated temperatures. Although very recently [64,138] 
a systematic study of various fluid equations of state have been made for 
binary liquid mixtures, but an exhaustive consultation of the literature 
shows that no-body appears to have made a comparative studies of the 
sphere models, and the values of .^^ from Flory's statistical theory. Pandey 
et al [65] have made a comparative study of various hard sphere equations of 
state and Flory's statistical theory by computing the isothermal compress-
ibility of various binary liquid mixtures. The results show that the Thiele -
Lebowitz equations [67,137] provide good agreement with Flory's thoery in 
most of the cases for various binary liquid mixtures. The equations of 
Guggenheim [ 139], Camahan and Starling [66], and Hoover [140] also give 
values of ^^ comparable with Flory's thoery. Mc-Gowan [141] suggested a 
relationship between isothermal compressiblity and surface tension. This 
relation has been tested for a variety of liquids imder varying physical 
conditions. Pandey et al [ 142] have also evaluated P^by using the ultrasonic 
velocity, u, and density, d, values at absolute temperature, T 
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When the coefficient of thermal expansion and isothermal 
compressibilities are known, the internal pressure (Pi), which is the result-
ant of the attractive and repulsive forces between the liquid molecules can 
be computed. Internal pressure, a fundamental property of the liquid state 
has been studied initially by Hildebrand et al [143,144] and subsequently by 
several workers [72,145-148]. For binary liquid mixtures, it has been used 
to investigate the molecular interactions [146, 150]. Due to the lack of 
experimental data on thermal expansion coefficient, a, and isothermal 
compressibility, P^ of liquid mixtures beyond binaries, the internal pres-
sure could not be estimated for multicomponent systems. 
Suryanarayana [145] suggested an indirect method of evaluating the 
internal pressure from the knowledge of viscosity, density, and ultrasonic 
velocity. This approach has been extensively used for studying the internal 
pressure of liquids, binary liquid mixtures, and solutions of electrolytes, 
and non-electrolytes [150]. Pandey et al [151] have used this method for 
determining the internal pressure of multi-component liquid systems. 
Hildebrand and Scott [143,144] introduced a parameter, known as 
solubility parameter in the theory of solution. The importance of this 
parameter has been demonstrated by a number of workers [73] in recent 
years. Dunlop et al [78] determined the internal pressure of different liquid 
mixtures, and compared it with their cohesive energy density values. 
Solubility parameter has been found to be useful for assessing the 
compressibilities of various substances and it has served as an efficient 
guide in the selection of proper compounding ingredients [83], and solvents 
for polymeric substances [84-86], and paints. 
70 
The Pseudo-Gruneisen Parameter, V, is another useful parameter in 
the study of thermodynamics of any system, as T characterises the lattice 
behaviour of liquids. Several workers [86-90] have attempted to evaluate the 
value of r in the case of solids as well as in liquids. 
In the present investigation, an attempt has been made to calculate the 
isothermal compressibility, Pp the internal pressure. Pi, the solubility 
parameter, 5, and the Pseudo - Gruneisen parameter, F, using the density, 
and ultrasonic velocity data for the following (i) Ovalbumin in phosphate 
buffer at pH 7.0, (ii) Glycine-urea-water and (iii) Threonine-urea-water 
systems, at different temperatures. 
THEORY; 
The following relation has been established between isothermal 
compressibility and surface tension by Mc-Gowan [141]. 
py2= i33x io -« (2.1) 
where a ; is surface tension, and ^^ is isothermal compressibility. 
The Auerbach relationship [153] between speed of sound (u), and 
surface tension (a) is as follow. 
U=V6.4xlO-^d7 ...(2.2) 
Thus from equations (2.1) and (2.2) one gets. 
1.33xlO-» 
PT= (2 3) 
(6.4x10-^ u '^M)''^  
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This expression gives a direct relationship between the isothermal 
compressibility, ultrasonic velocity, and density. 
Pandey et al [142] have related Pp to the ultrasonic velocity, u, and 
density, d, in the follov/ing maimer. 
n.ixio-* 
P,= •..(2.4) 
here, T is absolute temperature. 
The internal pressure. Pi, which is the energy volume coefficient 
{dE/8W)j, has been calculated from the thermal expansion coefficients 
using the equation [151]. 
aT 
Pi = ...(2.5) 
where, a, is the thermal expansion coefficient, and this can be 
obtained by using the density data as follows [79]. 
Where, p, stands for the density of the solution. 
The solubility parameter, 6, is defined as the square-root of the 
cohesive energy density (of the internal pressure), and is given by the 
relation [149]. 
1/2 
5 = (pi)i/2= ( - ^ ) ...(2.7) 
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The Pseudo - Gruneisen parameter, T, is calculated by using the 
expression 
y-1 
(2.8) 
aT 
where, y, and a, stand for the specific heat ratio, and the thermal expansion 
coefficient, respectively. 
The specific heat ratio, y, [152] may be calculated by using the 
relation. 
Therefore, y = ...(2.9) 
P. 
RESULTS AND DISCUSSION; 
Sound velocity and density data obtained for the (i) Ovalbumin in phosphate 
buffer at pH 7.0, (ii) Glycine-urea-water, and (iii) Threonine-urea-water 
systems, have been utilized to estimate the experimental values of isother-
mal compressibilities using equations [2.3] and [2.4]. An examination of 
Table [2.1] reveals that the values of p.j. decreases with increase in temper-
ature and composition. Such a decrease in the values of ^^ with temperature 
may be attributed to the reduction in the magnitude of repulsion between the 
components of a system. This decrease in ^^ is noted upto 325''K, as shown 
in Fig. [2.1 a] seems to be the result of a corresponding decrease in the 
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TABLE 2.1(a); Isothermal compressibility O x^ 10", dyne^cm^) as 
functions of temperature and concentration for the 
Ovalbumin in phosphate buffer pH 7.0 system. 
^^P ^ o n c . of 
^Ovalbuman x 1(H 
/^ Km ml"' 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
0.00 
5.5014 
(5.7051) 
5.4371 
(5.6042) 
5.3716 
(5.5040) 
5.3099 
(5.4089) 
5.2539 
(5.3206) 
5.1947 
(5.2308) 
5.1454 
(5.1515) 
5.0906 
(5.0685) 
5.0450 
(4.9950) 
4.9998 
(4.9229) 
4.9620 
(4.8585) 
4 
5.4909 
(5.6954) 
5.4227 
(5.5910) 
5.3590 
(5.4925) 
5.2905 
(5.3914) 
5.2688 
(5.3340) 
5.2407 
(5.2720) 
5.2183 
(5.2163) 
5.2318 
(5.1932) 
5.2329 
(5.1600) 
5.2522 
(5.1432) 
5.2764 
(5.1311) 
6 
5.4635 
(5.6701) 
5.3949 
(5.5655) 
5.3496 
(5.4839) 
5.2659 
(5.3691) 
5.2496 
(5.3168) 
5.2284 
(5.2610) 
5.2090 
(5.2080) 
5.2203 
(5.1831) 
5.2237 
(5.1519) 
5.2437 
(5.1358) 
5.2655 
(5.1218) 
8 
5.4290 
(5.6383) 
5.3572 
(5.5309) 
5.3324 
(5.4682) 
5.2505 
(5.3551) 
5.2276 
(5.2969) 
5.2102 
(5.2447) 
5.2005 
(5.2005) 
5.2029 
(5.1678) 
5.2145 
(5.1438) 
5.2360 
(5.1291) 
5.2486 
(5.1072) 
Values of P^ evaluated by Pandey's equation are given in parenthesis. 
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TABLE 2.1 (b) Isothermal compressibility, O^ x 10", dyne cm^) as 
functions of molality and temperature for the 
Glycine-Urea-Water system. 
molality of y/^ 
Gydne • ^ 
"^^ ^|>lCnp.(K) 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
0.9016 
1.0018 
298.15 
5.8630 
(6.0372) 
5.8183 
(5.9963) 
5.7552 
(5.9384) 
5.6861 
(5.8751) 
5.5924 
(5.7889) 
5.4853 
(5.6902) 
5.4060 
(5.6170) 
5.3696 
(5.5834) 
5.3250 
(5.5422) 
5.2794 
(5.4999) 
5.1993 
(5.4257) 
303.15 
5.7900 
(5.9264) 
5.7493 
(5.8894) 
5.6754 
(5.8220) 
5.5901 
(5.7442) 
5.4976 
(5.6596) 
5.4381 
(5.6051) 
5.3517 
(5.5259) 
5.3119 
(5.4893) 
5.2756 
(5.4560) 
5.2182 
(5.4032) 
5.1460 
(5.3367) 
308.15 
5.7304 
(5.8296) 
5.6792 
(5.7833) 
5.5784 
(5.6920) 
5.5192 
(5.6382) 
5.4274 
(5.5548) 
5.3916 
(5.5222) 
5.3116 
(5.4493) 
5.2529 
(5.3958) 
5.2112 
(5.3576) 
5.1509 
(5.3025) 
5.0872 
(5.2441) 
313.15 
5.6794 
(5.7422) 
5.6047 
(5.6751) 
5.4994 
(5.5802) 
5.4301 
(5.5176) 
5.3681 
(5.4616) 
5.3467 
(5.4422) 
5.2788 
(5.3808) 
5.1929 
(5.3029) 
5.1592 
(5.2722) 
5.0850 
(5.2047) 
5.0438 
(5.1673) 
318.15 
5.6334 
(5.6609) 
5.5328 
(5.5709) 
5.4633 
(5.5086) 
5.3743 
(5.4288) 
5.3115 
(5.3724) 
5.2918 
(5.3547) 
5.2496 
(5.3167) 
5.1481 
(5.2252) 
5.1060 
(5.1872) 
5.0227 
(5.1119) 
4.9920 
(5.0842) 
Values of p.,. evaluated by Pandey's equation are given in parenthesis. 
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TABLE 2.1 (c) Isothermal compressibility, O^x 10", dyne cm^) as 
functions of molality and temperature for the 
Thrconine-Urea-Water system. 
molality of y^ 
Threonine '^''^  
•"ol ^^emp.OQ 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
298.15 
5.8630 
(6.0372) 
5.7261 
(5.9118) 
5.6818 
(5.8712) 
5.5594 
(5.7585) 
5.4820 
(5.6872) 
5.3775 
(5.5907) 
5.2778 
(5.4985) 
5.2288 
(5.4531) 
5.1163 
(5.3487) 
303.15 
5.7900 
(5.9264) 
5.6696 
(5.8167) 
5.6084 
(5.7609) 
5.4959 
(5.6580) 
5.4292 
(5.5969) 
5.3166 
(5.4937) 
5.2343 
(5.4180) 
5.1821 
(5.3699) 
5.0745 
(5.2707) 
308.15 
5.7304 
(5.8296) 
5.6273 
(5.7363) 
5.5633 
(5.6783) 
5.4321 
(5.5590) 
5.3499 
(5.4843) 
5.2569 
(5.3994) 
5.1833 
(5.3321) 
5.1251 
(5.2789) 
5.0318 
(5.1934) 
313.15 
5.6794 
(5.7422) 
5.5668 
(5.6409) 
5.4932 
(5.5746) 
5.3625 
(5.4565) 
5.3024 
(5.4021) 
5.2074 
(5.3160) 
5.1354 
(5.2506) 
5.0771 
(5.1976) 
4.9821 
(5.1110) 
318.15 
5.6334 
(5.6609) 
5.5220 
(5.5612) 
5.4270 
(5.4761) 
5.3174 
(5.3777) 
5.2225 
(5.2923) 
5.1558 
(5.2322) 
5.0948 
(5.1772) 
5.0286 
(5.1173) 
4.9444 
(5.0411) 
Values of ^^ evaluated by Pandey's equation are given in parenthesis. 
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Isolherma] compressibilit 
295 300 305 310 315 320 325 330 335 340 345 350 
Temperature (K) 
4xl0"^gm/ml 6xl0 '^gm/ml 8xl0*^gm/ml 
Fig 2.1 (a) Isothermal compressibil i ty 
(Mc Gowann's relat ion) vs t e m p e r a t u r e 
of Ovalbumin a t pH 7.0 
5.75 
Isothermal compressibility 
295 300 305 310 315 320 325 330 335 340 345 350 
Temperature (K) 
4xl0"'^gm/ml 6xl0"3gm/ml 8xl0~2gm/ml 
Fig. 2.1 (a?) Isothermal compressibi l i ty 
(Pandey's relation) vs t e m p e r a t u r e 
of Ovalbumin a t pH 7.0 
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preaferantial hydration in thermal denatured state. In Fig [2.2] the values of 
3^ are plotted against the concentration of Ovalbumin and against the 
molality of amino acids (Glycine/Threonine]. These plots show a hnear 
dependence on the compostion of the solute, (but there is difference 
between slopes of protein & amino acids). 
In the denaturation process, the hydrophobic groups buried in the 
interior of the protein are exposed to the solvent accompanying the de-
crease in void and the increase in hydrophobic or hydrogen bonded hydra-
tion, and the value of isothermal compressibility, Pp found to be smaller in 
the denatured state than in the native one. 
When the coefficent of thermal- expansion and ^^ are known, the 
internal pressure, Pj, which is the resultant of the attractive and the repulsive 
forces between the liquid molecules can be computed. 
The values of thermal expansion coefficient, a, were calculated 
using equation [2.6] are listed in Table [2.2], and these values are found to 
increase with increase in temperature while no regualr trend is observed by 
changing the composition. 
Values of Pj, are obtained using equation [2.5] and these values are 
reported in Table [2.3]. The values are found to increase with increase in 
temperature and no regualar trend is found with composition. In general the 
values of P. show an increase with increase in the concentration of food 
protein studied. Such a trend again shows that Aere is a decrease in the 
repulsive forces between the components of the system as temperature 
increases. ^ , 
r 
\ \ ^^ *^- No ) i 
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5.6 
Isothermal compressibility 
5.5 -
5.4 -
5.3 -
5.2 -
5.1 
298.15 K 
Cone. xlO "^gm/ml 
313.15 K ^ ^ 328.15 K 
10 
- * - 348.15 K 
Fig 2 . 2 ( a l ) : I s o t h e r m a l c o m p r e s s i b i l i t y 
(Mc Gowan ' s r e l a t i o n ) vs. cone , of 
Ova lbumin in p h o s p h a t e buffer a t pH 7.0 
Isothermal compressibility C.P_X\0 <>>»*• |ci*jvua.J 
4 6 
conc.x 10 "gm/ml 
298.15 K 313.15 K 328.15 K - s - 348.15 K 
Fig 2.2{a2): I s o t h e r m a l c o m p r e s s i b i l i t y 
( P a n d e y ' s r e l a t i o n ) vs cone , of 
Ova lbumin in p h o s p h a t e buffer a t pH 7.0 
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Isothermal compresibility 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
molality (mol/kg) 
1.1 
298.15 K 303.15 K 308.15 K 313.15 K 318.15 K 
Fig 2 . 2 ( b l ) : I s o t h e r m a l c o m p r e s s i b i l i t y 
(Mc G o w a n ' s r e l a l t i on ) vs. mola l i ty for 
G lyc ine—Urea -Wate r s y s t e m . 
Isothermal compressibility \ \ \ x \ 0 > CAM'^  |<iyvie) 
298.15 K 
0.4 0.6 0.8 
molaHty (mol/kg) 
1.2 
303.15 K 308.15 K 313.15 K 318.15 K 
Fig 2 . 2 ( b 2 ) : I s o t h e r m a l c o m p r e s s i b i l i t y 
(Pandeyfe r e l a t i o n ) vs mola l i ty for 
G l y c i n e - U r e a - W a t e r s y s t e m . . 
8P 
Isothermal compressibility (^ W-j-X lO ^ ^*»^^/d^'d 1^6-3 
0.1 
298 15 K 
0 2 0.3 0.4 0.5 0.6 
molality (mol/kg) 
303 15 K 308 15 K 313 15 K 
0.8 0.9 
318 15 K 
Fig 2 2{c l ) I s o t h e r m a l c o m p r e s i b i l i t y 
(Mc Gowan's r e l a t i o n ) vs m o l a l i t y for 
T h r e o n i n e - U r e a - W a t e r s y s t e m 
Isothermal compressibility (_fi.,-y.tO ^Zj^ld^'v^) 
0.3 0.4 0.5 0.6 
molality (mol/kg) 
298 15 K 303 15 K 308 15 K 313 15 K 
0.8 0.9 
318 15 K 
Fig 2 2(c2)- I s o t h e r m a l c o m p r e s s i b i l i t y 
( P a n d e y ' s r e l a t i o n ) vs m o l a l i t y for 
T h r e o n i n e - U r e a - W a t e r s y s t e m 
81 
TABLE 2.2(a) Thermal expansion coefficient (a x 10\ K'), as 
functions of temperature and concentration for the 
Ovalbumin in phosphate buffer pH 7.0 system. 
remp.(K^^„^ of 
>^albumin x 10^  
/^ gmml"' 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
0.00 
2.8823 
3.3272 
3.7733 
4.2211 
4.6724 
5.1268 
5.5840 
6.0436 
6.5095 
6.9804 
7.4585 
4 
3.8424 
3.8499 
3.8571 
4.0047 
4.5112 
5.0227 
5.5385 
6.0550 
6.5786 
7.1068 
7.6427 
6 
3.7215 
3.7284 
3.7354 
4.1398 
4.6489 
5.1347 
5.6801 
6.2006 
6.7279 
7.2588 
7.7965 
8 
3.5657 
3.5459 
3.6227 
4.4429 
4.8896 
5.3399 
5.7937 
6.2512 
6.7142 
7.1810 
7.6511 
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TABLE 2.2 (b\ Thermal expansion coefficient ( a x 10^, K ' ) as 
functions of molality and temperature for the 
Glycine-Urea-Water system. 
molality y^ 
of Glycine >/^ 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
0.9016 
1.0018 
298.15 
3.0311 
2.6372 
2.7858 
2.9301 
3.0310 
3.1758 
2.9382 
3.0785 
3.1467 
3.3227 
3.0905 
303.15 
3.2940 
3.0692 
3.1885 
3.3034 
3.3465 
3.4347 
3.3352 
3.4188 
3.4309 
3.5783 
3.4552 
308.15 
3.5581 
3.5034 
3.5932 
3.6783 
3.6637 
3.6948 
3.7342 
3.7606 
3.7164 
3.8352 
3.8218 
313.15 
3.8234 
3.9395 
3.9999 
4.0557 
3.9824 
3.9563 
4.1355 
4.1045 
4.0037 
4.0935 
4.1903 
318.15 
4.0906 
4.3785 
4.4092 
4.4350 
4.3032 
4.2196 
4.5392 
4.4505 
4.2925 
4.3536 
4.5614 
TABLE 2.2 (c) Thermal expansion coefficient (a x 10^ K'*) as 
functions of molality and temperature for the 
Threonine-Urea-Water system 
molality of y^ 
Threonine v/^ 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
298.15 
3.0311 
2.9036 
2.7361 
3.0286 
2.9404 
2.9300 
3.1848 
3.0987 
3.3771 
303.15 
3.2940 
3.2500 
3.1096 
3.3439 
3.2541 
3.2983 
3.4966 
3.4092 
3.5763 
308.15 
3.5581 
3.5986 
3.4843 
3.6608 
3.5697 
3.6684 
3.8101 
3.7217 
3.7765 
313.15 
3.8234 
3.9483 
3.8615 
3.9792 
3.8869 
4.0403 
4.1253 
4.0358 
3.9779 
318.15 
4.0906 
4.3007 
4.2405 
4.2998 
4.2056 
4.4148 
4.4425 
4.3515 
4.1804 
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TABLE 2.3(a) Internal pressure (P, x 10', dyne cm ^ )as functions 
of temperature and concentration for the Ovalbumin 
in phosphate buffer pH 7.0 system. 
r«"P ( K ^ o n c . of 
y'Ovalbutnin x lO' 
/"^ gmml"' 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
0.00 
1.5614 
1.8550 
2.1651 
2.4897 
2.8303 
3.1898 
3.5605 
3.9543 
4.3627 
4.7902 
5.2338 
4 
2.0864 
2.1522 
2.2179 
2.3704 
2.7240 
3.0971 
3.4828 
3.8557 
4.2511 
4.6432 
5.0428 
6 
2.0309 
2.0951 
2.1517 
2.4618 
2.8175 
3.1736 
3.5783 
3.9571 
4.3552 
4.7502 
5.1550 
8 
1.9582 
2.0396 
2.0935 
2.6498 
2.9758 
3.3120 
3.6558 
4.0028 
4.3540 
4.7062 
5.0751 
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TABLE 2.3 (b) Internal pressure( P, x 10% dyne cm'') as functions 
of molality and temperature for the Glycine-Urea-
Water system. 
molality y^ 
ofCHycine >^ 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
0.9016 
1.0018 
298.15 
1.5419 
1.3509 
1.4439 
1.5371 
1.6165 
1.7264 
1.6205 
1.7096 
1.7615 
1.8771 
1.7714 
303.15 
1.7254 
1.6176 
1.7038 
1.7907 
1.8444 
1.9143 
1.8891 
1.9503 
1.9713 
2.0793 
2.0346 
308.15 
1.8829 
1.8700 
1.9844 
2.0528 
2.0802 
2.1125 
2.1670 
2.2064 
2.1972 
2.2947 
2.3156 
313.15 
2.1076 
2.2017 
2.2784 
2.3388 
2.3230 
2.3173 
2.4532 
2.4745 
2.4306 
2.5211 
2.6012 
318.15 
2.3094 
2.5177 
2.5680 
2.6255 
2.5774 
2.5360 
2.7507 
2.7505 
2.6753 
2.7575 
2.9067 
TABLE 2.3 {€\ Internal pressure( P, x 10% dyne cm*') as functions 
of molality and temperature for the Threonine-Urea-
Water system. 
molality of y^ 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
298.15 
1.5419 
1.5124 
1.4361 
1.6243 
1.5998 
1.6253 
1.7999 
1.7671 
1.9682 
303.15 
1.7237 
1.7373 
1.6814 
1.8450 
1.8161 
1.8790 
2.0251 
1.9934 
2.1362 
308.15 
1.9126 
1.9707 
1.9305 
2.0765 
2.0561 
2.1496 
2.2650 
2.2380 
2.3133 
313.15 
2.1076 
2.2203 
2.2009 
2.3235 
2.2952 
2.4292 
2.5159 
2.4896 
2.5010 
318.15 
2.3094 
2.4774 
2.4857 
2.5727 
2.5620 
2.7251 
2.7734 
2.7523 
2.6899 
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The values of solubility parameter 8, are obtained by using equation 
[2.7] and are listed in Table [2.4]. The values of 6 increase with increase in 
temperature as shown in Fig. [2.3]. Such an increase may be attributed to an 
increase in the cohesive energy density. The values of solubility parameter, 
5, vary with composition, but no regular trend is obtained. In case of 
Ovalbumin sharp increase in 6 is seen in after 311.1 S^ K this may be due to 
the denaturation in protein which at high temperature. 
The values of Pseudo-Gruneisen parameter, F, obtained by using 
equation [2.8] are listed in Table [2.5] the values of V, are found to decrease 
with increase in temperature while irregular trend is observed with compo-
sition. 
The surface tension of Glycine-urea-water and Threonine-urea-water 
systems were evaluated by using equation [2.2] and are listed in Table [2.6]. 
These values are found to increase with increase in temperature and 
composition of the systems studied as shown in Fig. [2.4]. According to 
Laplace law (P^  = 2T/r) the increase in surface tension reflects the increase 
of internal pressure (as shown in the present data). 
This increase in internal pressure indicates the idea of pulmonary 
surfactant at liquid air interface required for the collapse of the alveoli 
during inspiration. 
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TABLE 2.4(a^ Solubility parameter [6, (dyne cm" )^"'l as functions 
of temperature and concentration for the Ovalbumin 
in phosphate buffer pH 7.0 system. 
r«"P ^ o n c . of 
/^'Ovalbumin x KP 
/"^ gmml"' 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
0.00 
39514.82 
43070.09 
46530.53 
49896.78 
53200.36 
56478.22 
59669.61 
62883.6(j 
66051.01 
69211.21 
72344.85 
4 
45676.96 
46392.33 
47094.28 
48686.77 
52192.37 
55651.57 
59015.51 
62094.31 
65200.39 
68141.23 
71012.72 
6 
45065.06 
45771.85 
46386.42 
49617.40 
53079.81 
56334.75 
59818.83 
62905.48 
65994.23 
68921.40 
71798.11 
8 
44251.26 
45161.46 
45754.63 
51476.44 
54550.99 
57549.68 
60463.42 
63267.44 
65985.03 
68601.84 
71239.93 
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TABLE 2.4 (b) Solubility parameter [6,(dyne cm'^ V] as functions 
of molality and temperature for the Glycine-Urea-
Water system. 
molality y/ 
of Glycine > ^ 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
0.9016 
1.0018 
298.15 
39266.69 
36754.73 
37998.84 
39205.63 
40205.47 
41550.36 
40254.84 
41347.61 
41970.26 
43325.60 
42087.91 
303.15 
41537.79 
40219.25 
41277.65 
42316.26 
42946.96 
43752.39 
43464.00 
44162.63 
44399.77 
45598.92 
45106.43 
308.15 
43392.86 
43243.29 
44547.05 
45308.21 
45609.05 
45962.44 
46550.57 
46972.34 
46874.20 
47903.49 
48120.84 
313.15 
45908.79 
46922.53 
47732.91 
48361.30 
48197.32 
48138.53 
49529.88 
49744.67 
49301.21 
50210.96 
51002.09 
318.15 
48056.64 
50176.81 
50675.88 
51239.23 
50768.36 
50358.70 
52446.93 
52445.49 
51723.15 
52511.72 
53913.36 
TABLE 2.4 fc) Solubility parameter [5,(dyne cm~'V]as functions of 
molality and temperature for the Threonine-Urea-
Water system. 
molality of y/^ 
Threonine v ^ 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
298.15 
39266.69 
38889.24 
37896.43 
40302.31 
39997.26 
40314.89 
42426.32 
42037.32 
44364.62 
303.15 
41517.00 
41681.36 
41004.96 
42953.60 
42615.79 
43347.67 
45001.15 
44647.51 
46218.73 
308.15 
43733.36 
44393.13 
43937.56 
45569.12 
45344.38 
46363.30 
47591.66 
47307.56 
48096.65 
313.15 
45908.61 
47120.14 
46913.78 
48203.14 
47908.11 
49287.27 
50158.45 
49895.99 
50009.53 
318.15 
48056.64 
49773.12 
49856.99 
50721.65 
50616.12 
52202.36 
52663.23 
52461.96 
51864.36 
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Solubility parameter ^^ycT^jC^dv^we |Cw>^ J ^ J 
296 298 300 302 304 306 308 310 312 314 316 318 320 
Temperature (K) 
0 7013 mol/kg 
0 1002 mol/kg 
1 0018 mol/kg 
0 4007 mol/kg 
Fig 2.3(b)- Solubi l i ty p a r a m e t e r v s . 
t e m p e r a t u r e for G l y c i n e - U r e a — W a t e r 
system. 
Solubility pa ramete r (_0X IQ-^ ^ Cci^i/<e/cwi^) ^ J 
296 298 300 302 304 306 308 310 312 314 316 318 320 
Temperature 
0 6011 mol/kg 
0 1002 mol/kg 
0 8014 mol/kg 
0 4007 mol/kg 
Fig 2 3(c)- Solubi l i ty p a r a m e t e r vs 
t e m p e r a t u r e for T h r e o n i n e - U r e a - U l a t e r 
system 
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TABLE 2.S(a) Pseudo Gruneisen parameter, F, as functions of 
temperature and concentration for the Ovalbumin 
in phosphate buffer pH 7.0 system. 
remp.(K^^^^ of 
v-'Ovalbumin x ICP 
/"^ gmml' 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
0.00 
3.5176 
2.9883 
2.5838 
2.2663 
2.0114 
1.8014 
1.6283 
1.4794 
1.3535 
1.2447 
1.1506 
4 
2.6327 
2.5756 
2.5215 
2.4681 
2.0833 
1.8440 
1.6501 
1.4941 
1.3612 
1.2498 
1.1545 
6 
2.7083 
2.6489 
2.5976 
2.5394 
2.0148 
1.7996 
1.6052 
1.4561 
1.3288 
1.2217 
1.1295 
8 
3.3186 
2.9585 
2.6704 
2.4134 
1.9092 
1.7246 
1.5706 
1.4400 
1.3288 
1.2329 
1.1476 
91 
TABLE 2.5 (b) Pseudo Gruneisen parameter, F, as functions of 
molality and temperature for the Glycine-Urea-
Water system. 
molality y^ 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
0.9016 
1.0018 
298.15 
3.5476 
4.0433 
3.7894 
3.5629 
3.3982 
3.2038 
3.4132 
3.2298 
3.1418 
2.9405 
3.1238 
303.15 
3.1982 
3.4054 
3.2420 
3.0929 
3.0118 
2.9087 
2.9496 
2.8533 
2.8279 
2.6774 
2.7412 
308.15 
2.9546 
2.9718 
2.8166 
2.7229 
2.6953 
2.6550 
2.5882 
2.5436 
2.5598 
2.4484 
2.4287 
313.15 
2.6583 
2.5486 
2.4781 
2.4173 
2.4338 
2.4374 
2.2996 
2.2879 
2.3325 
2.2496 
2.1776 
318.15 
2.4435 
2.2505 
2.2131 
2.1715 
2.2126 
2.2459 
2.0152 
1.9273 
2.0725 
1.9552 
1.9276 
TABLE 2.5 (c) Pseudo Gruneisen parameter, F, as functions of 
molality and temperature for the Threonine-Urea-
Water system. 
mdality of y^ 
Threonine > ^ 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
298.15 
3.5476 
3.6351 
3.8223 
3.3887 
3.4493 
3.4027 
3.0832 
3.1439 
2.8262 
303.15 
3.1982 
3.1878 
3.2948 
3.0079 
3.0609 
2.9670 
2.7594 
2.8054 
2.6218 
308.15 
2.9546 
2.8287 
2.8883 
2.6959 
2.7309 
2.6159 
2.4864 
2.5196 
2.4381 
313.15 
2.6583 
2.5316 
2.5575 
2.4318 
2.4643 
2.3328 
2.2546 
2.2824 
2.2729 
318.15 
2.4435 
2.2851 
2.2854 
2.2127 
2.2317 
2.0961 
2.0602 
2.0816 
2.1278 
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TABLE 2.6 (a) Surface tension (a , dyne cm ') as functions of 
molality and temperature for the Glycine-Urea-
Water system. 
molality 
of Glycine 298.15 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
0.9016 
1.0018 
37.1954 
37.3855 
37.6584 
37.9626 
38.3857 
38.8839 
39.2632 
39.4402 
39.6602 
39.8884 
40.2970 
303.15 
37.5042 
37.6839 
38.0107 
38.3961 
38.8258 
39.1085 
39.5280 
39.7254 
39.9074 
40.1994 
40.5744 
308.15 
37.7668 
37.9935 
38.4497 
38.7242 
39.1596 
39.33281 
39.7271 
313.15 
37.9926 
38.3293 
38.8172 
39.1467 
39.4476 
39.5528 
39.8910 
318.15 
40.0220 40.3299 
40.2356 40.5054 
40.5491 40.8987 
40.8869 41.1207 
38.1992 
38.6608 
38.9882 
39.4173 
39.7273 
39.8258 
40.0389 
40.5637 
40.7864 
41.2362 
41.4047 
TABLE 2.6 fb) Surface tension (a , dyne cm*) as functions of 
molality and temperature for the Threonine-Urea-
Water system. 
molality of y^ 
Threonine > ^ 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 1 
298.15 
37.1954 
"iin^si 
37.9814 
38.5374 
38.8993 
39.4017 
39.8963 
40.1450 
40.7316 
303.15 
37.5042 
38.0364 
38.3126 
38.8336 
39.1512 
39.7018 
40.1169 
40.3860 
40.9551 
308.15 
37.7668 
38.2268 
38.5192 
39.1373 
39.5368 
40.0018 
40.3798 
40.6850 
41.1860 
313.15 
37.9926 
38.5033 
38.8463 
39.4750 
39.7728 
40.2511 
40.6306 
40.9408 
41.4598 
318.15 
38.1992 
38.7114 
39.1617 
39.6978 
40.1773 
40.5231 
40.8459 
41.2039 
41.6702 
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Surface tension (,i«^wc/c.w»3 
4-- ' ~~~ 
0 0.1 0.2 
298 15 K 
0.4 0.5 0.6 0.7 
molality (mol/kg) 
303.15 K 308.15 K 313.15 K 318.15 K 
Fig 2 . 4 ( a ) : S u r f a c e t e n s i o n vs . m o l a l i t y 
fo r G l y c i n e - U r e a - W a t e r s y s t e m 
Surface tension C^^v<fc/cv»i.) 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 
molality (mol/kg) 
298.15 K 303 15 K 308.15 K 313 15 K 
0.9 
318.15 K 
Fig 2.4(b): Surface tension vs. molality 
for Threon ine-Urea-Water system 
OK.&i>nrE:i^ -XXI 
viscosmr AND ITS RELATED PARAMETERS OF 
OVALBUMIN IN PHOSPHATE BUFFER (pH 2.4-7.0) 
AND AMINO ACIDS-UREA-WATER SYSTEMS. 
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INTRODUCTION; 
The knowledge of the solution properties of two or more, components 
is frequently required in the understanding of the transport phenomena as 
well as in the industrial chemical processes. These properties may include 
density, viscosity, and other common physical parameters such as refractive 
index, dielectric constant and any related quantity. 
Among the variety of techniques that provide information about the 
molar mass and shape of macro-molecules in solution, the measurement of 
viscosity stands out because it requires only simple equipment and the 
measurements are relatively easy to make. 
Viscosity is a measure of the resistance of a fluid of flow, and can 
be used to identify and characterize the shapes of macromolecules as 
compact globular or rod like particles, or flexible random coils. The 
sensitivity of viscosity to molecular structure makes it useful for monitoring 
processes that result in changes in molecular size or shape, including 
(1) the interconversion of biological macromolecules between native 
(active)and denatured (inactive) forms. 
(2) the intercalation of small molecules within macromolecules 
(3) intermolecular cross linking. 
In the present study, an attempt has been made to calculate the 
viscosity, specific viscosity, intrinsic viscosity of (i) Ovalbumin in 
phosphate buffer at different pH (2.4-7.0), (ii) Glycine-urea- water, and 
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(iii) Threonine-urea-water systems at different temperatures. Shape 
factor was also calculated for Ovalbumin in phosphate buffer at different 
pH. Viscosity data was also analysed in terms of Jones-Dole equation for 
amino acid-urea-water systems studied. 
THEORY; 
The change in viscosity that results from the addition of a solute to 
a liquid is usually expressed as the specific viscosity x] (154). 
Tl-Tlo r\ 
%= = -1 -(3.1) 
where r\ is the viscosity of solution and r\^ is that of solvent. 
The r\ depends on concentration and on the strength and nature of 
interactions between the solute and the solvent. 
A quantity related to T] is the intrinsic viscosity [t}], which is 
independent of concentration and characteristic of the solute alone. It is 
defined as the value of r|^/c is the dilute solution (c-^0) limit (154). 
r\^ 1 Ti 
lti]= lim = lim — — ...(3.2) 
(c->0) c (c->0) c Ti-
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where, Ti,p/c = TI^ ^ = 1/c In TI/TI„ ....(3.3) 
The intrinsic viscosity of a protein can also be expressed in terms 
of partial, specific volumes [106]. 
h ] = v(v« + Z m y . ) ...(3.4) 
in which v is the Simha's or shape factor, m^  is the 'g' of a solvent 
component with partial specific volume v"; bound to Ig dry wt. of protein. 
By using the value of 0.29g for m^  in equation. [3.4],and if the native 
Ovalbumin in phosphate buffer binds only water, for which V^ may be 
taken to be 1, the Simha's or shape factor pan be calculated using equation. 
[3.4]. 
According to Tanford [105], the intrinsic viscosityof the polypeptide 
chain can be expressed as: 
[Ti]Mo=76.1n°<«* ...(3.5) 
where M^ is the mean residue weight, and is equal to M/n, n is the number 
of surface amino acid residues per polypeptide chain, and M is tiie 
molecular weight of the polypeptide. 
Viscosity data is also analysed in terms of the Jones-Dole equation 
[155]. 
.1/2 
= l+Ac*'2 + 3c ...(3.6) 
Here r\/T\^ is the relative viscosity of the solution, c is the 
concentration in g/1, while A and B are the constants. The constant A is 
associated with the contribution of inter-ionic electrostatic forces [156], 
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and B is a measure of order or disorder introduced by the ions into the 
solvent structure [157]. 
RESULTS AND DISCUSSION: 
The viscosity data of (i) Ovalbumin in phosphate buffer at different 
pH (2.4-7.0), (ii) Glycine-Urea-Water, and (iii) Threonine-Urea-Water 
systems are listed in Table [3.1] at several temperatures for each of the 
composition studied. The values of ii are found to decrease with increase 
in temperature, as shown in Fig. [3.1]. With increase in temperature the 
forces of attraction which the moving molecules have to overcome, have 
substantially increased with an increase in the random motion of molecules, 
thus making the progress of the molecule in motion toward the empty site 
slower. 
Specific viscosity, r| was calculated using equation [3.1] and its 
values are listed in Table [3.2]. These values are found to increase with 
increase in composition of the said system, while no regular pattern is 
found with temperature. 
The reduced viscosity, r\^^, data is recorded, T^^ ,^ was calculated 
using equation [3.3], and are listed in Table [3.3]. The t]^^ values show the 
same pattern as found in those of T^  , . Reduced viscosity also increases 
with concentration of the solute, while irregular behaviour is found with 
variation in temperature. 
The intrinsic viscosity [T^] calculated using equation [3.2], i l^is 
extrapolated to zero concentration, and displate in Fig. [3.2], values of [TI ] 
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TABLE 3.1 (a^ Viscosity, (r\ x 10 ,^Kg m' s') as functions of molality 
and temperature for the Ovalbumin in phosphate 
buffer pH 7.0 system. 
Tenq>.(KL^ 
'^Ovalbumin x IC 
/ ^ gmml' 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
0.00 
9.6077 
8.8121 
7.9359 
7.2003 
6.4971 
5.9779 
5.4959 
5.0620 
4.7257 
4.3909 
4.0909 
4 
9.7444 
8.9502 
8.0721 
7.3348 
6.6308 
6.1100 
6.6246 
5.2015 
4.8528 
4.4836 
4.2153 
6 
9.8035 
9.0108 
8.1315 
7.3941 
6.6879 
6.1664 
5.6805 
5.2524 
4.9049 
4.5583 
4.2772 
8 
9.8549 
9.0818 
8.1972 
7.4729 
6.7725 
6.2274 
5.7518 
5.3118 
4.9692 
4.6268 
4.3623 
10 
9.9386 
9.1308 
8.2755 
7.5277 
6.8442 
6.2874 
5.8227 
5.3800 
5.0398 
4.6889 
4.4427 
TABLE 3.1 (b) Viscosity, (T) X 10\Kg m' s') as functions of molality 
and temperature for the Ovalbumin in phosphate 
Teinp.(K)/^ 
v^COBC. of 
>''6valbuininxl0' 
y^ gtn ml"' 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
0.00 
9.2019 
8.4252 
7.5620 
6.8692 
6.2090 
5.7042 
5.2476 
4.8433 
4.5148 
4.2115 
3.9239 
4 
9.5707 
8.7670 
7.7677 
7.0545 
6.3848 
5.8762 
5.4186 
5.0189 
4.6982 
4.4302 
4.1814 
6 
9.7411 
8.9083 
7.8348 
7.1407 
6.4405 
5.9261 
5.4673 
5.0627 
4.7611 
4.5034 
4.3068 
8 
9.9047 
9.0537 
7.8865 
7.2062 
6.4800 
5.9822 
5.5014 
5.1031 
4.8175 
4.5706 
4.4185 
10 
10.0844 
9.2024 
7.9569 
7.3016 
6.5369 
6.0259 
5.5530 
5.1474 
4.8916 
4.6378 
4.5467 
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TABLE 3. He) Viscosity, (11 x 10^Kg m ' s') as functions of molality 
and temperature for the Ovalbumin in phosphate 
buffer pH 5.2 system. 
TempCK)/' 
>/^ Conc. of 
>/6valboininxlO' /^ gmml' 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
0.00 
9.1066 
8.3476 
7.4923 
6.8161 
6.1513 
5.6838 
5.2070 
4.8069 
4.4796 
4.1703 
4 
9.4814 
8.6240 
7.7291 
7.0206 
6.3417 
5.8197 
5.3799 
4.9807 
4.6502 
4.3749 
6 
9.5606 
8.6795 
7.7930 
7.1025 
6.4028 
5.8661 
5.4262 
5.0375 
4.7294 
4.4664 
8 
9.6615 
8.7699 
7.8616 
7.1628 
6.4555 
5.9319 
5.4742 
5.0805 
4.7788 
4.5247 
10 
9.7690 
8.8538 
7.9072 
7.2193 
6.5031 
5.9683 
5.5049 
5.1325 
4.8458 
4.6203 
TABLE 3.1 (d) Viscosity, (TI X 10^Kg m * s *) as functions of molality 
and temperature for the Ovalbumin in phosphate 
buffer pH 2.4 system. 
y^ Conc. of 
'^DvanwnmxlO' 
z' on ml'' 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
0.00 
9.0138 
8.2526 
7.4319 
6.7482 
6.0903 
5.6037 
5.1688 
4.7724 
4 
9.2921 
8.4523 
7.5961 
6.9847 
6.3075 
5.8130 
5.3693 
4.9671 
6 
9.4634 
8.5748 
7.7059 
7.0467 
6.3771 
5.8684 
5.4391 
5.0583 
8 
9.6012 
8.6690 
7.7975 
7.1006 
6.4293 
5.9309 
5.5162 
5.1642 
10 
9.7419 
8.7781 
7.8948 
7.1679 
6.5034 
5.9823 
5.6090 
5.2465 
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TABLE 3.1 (e) Viscosity (iix 10*, Kg m~' s'')as functions of molality 
and temperature for the Glycine-Urea-Water 
system. 
molality y^ 
ofGlydne > ^ 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
0.9016 
1.0018 
298.15 
8.9903 
9.0896 
9.2041 
9.3212 
9.4351 
9.5413 
9.6716 
9.7864 
9.8768 
10.0062 
10.1178 
303.15 
8.0395 
8.1609 
8.2640 
8.3691 
8.4947 
8.5943 
8.7516 
8.8240 
8.9095 
9.0452 
9.1625 
308.15 
7.2918 
7.4492 
7.5279 
7.6152 
7.7030 
7.7743 
7.8737 
7.9821 
8.0590 
8.1437 
8.2270 
313.15 
6.7002 
6.7505 
6.8540 
6.9693 
7.0597 
7.1534 
7.2534 
7.3488 
7.4568 
7.5470 
7.6407 
318.15 
6.0119 
6.1958 
6.3135 
6.4077 
6.5154 
6.6042 
6.7125 
6.7946 
6.8871 
6.9978 
7.1049 
TABLE 3.1 (fi Viscosity (r^ x 10*, Kg m'* s'*) as functions of molality 
and temperature for the Threonine-Urea-Water 
system. 
molality of >^ 
Threonine > ^ 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
298.15 
8.9903 
9.1014 
9.4244 
9.7386 
10.0177 
10.4174 
10.7456 
10.0614 
11.4747 
303.15 
8.0395 
8.3880 
8.6485 
8.9585 
9.1976 
9.5745 
9.8413 
10.1296 
10.4283 
308.15 
7.2918 
7.5298 
7.7614 
8.0392 
8.2457 
8.5730 
8.8145 
9.0673 
9.3549 
313.15 
6.7002 
6.8749 
7.0683 
7.3159 
7.4964 
7.7865 
7.9907 
8.3609 
8.6445 
318.15 
6.0119 
6.2190 
6.3594 
6.5873 
6.7474 
7.0051 
7.1896 
7.3697 
7.5966 
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Viscosity (nXld^lKg m*s"*J 
10 -1 ^ ^ 
290 300 
0.00 
6x10 gm/ml 
310 320 330 340 
Temperature (K) 
—^ 4xl0*\m/inl - ^ 6xl0"^gm/ml 
- ^ lOxlo'^m/ml 
350 
Fig 3.1(a) Viscos i ty v s . t e m p e r a t u r e 
for Ova lbumin in p h o s p h a t e buffer a t 
pH 7.0 
Viscosity (•tXlo''i Kg in's"*) 
2 9 0 300 
0.00 
8x10 gm/ml 
310 320 330 
Temperature (K) 
—*— 4x l0* \m/ml ^*-
-**- 10xl0"'gm/ml 
340 
6x10 gm/ml 
350 
Fig 3 .1(b) Viscos i ty vs . t e m p e r a t u r e 
for Ova lbumin in p h o s p h a t e buffer a t 
pH 6.0 
102 
Viscosity (I^XIOS Kg n / s j 
290 300 
0.00 
exlO"^gm/m) 
3 1 0 3 2 0 3 3 0 
Temperature (K) 
—+- 4xl0'""*gm/inl —*~ 
- ^ lOxlO'^m/ml 
340 
6xl0"^gm/ml 
3 5 0 
Fig 3.1(c) Viscosity vs. temperature 
for Ovalbumin in phosphate buffer at 
pH 5.2 
10 
9 
Viscosity (I.XIO'^) (Kg in"'s-*) 
8 ^ 
I 
I 
n 
6 + 
I 
A -L. 
290 300 
0.0000 
8rl0*^gin/ml 
3 1 0 3 2 0 
T e m p e r a t u r e (K) 
-*— 4xl0"^gni/ml -*" 
- " ^ I0xl6%m/ml 
330 
6 i l 0 ' ^ g m / m l 
Fig 3.1(d) Viscosity vs. temperature 
for Ovalbumin in phosphate buffer at 
pH 2 4 
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Viscosity (»|.XloS (Kg m'^) 
295 299 303 307 311 315 319 
Temperature (K) 
^ — 0 1002 mol /kg 
-'^ 0 5009 mol /kg 
0 2004 mol/kg 
0 7013 mol/kg 
0 3005 mol /kg 
0 6014 mol /kg 
0 4007 mol/kg 
1 0018 mol/kg 
Fig 3 1(e) Viscosity vs temperature 
for Glycine-Urea-Water system 
Viscosity ( IXloS (Kg Hi's"*) 
295 305 
Temperature (K) 
315 
^ — 0 1002 m o l / k g 
- * - 0 5009 mol /kg 
0 2004 mol/kg 
0 6011 mol/kg 
0 3005 m o l / k g 
0 7013 m o l / k g 
0 4007 mol/kg 
0 8014 mol/kg 
Fig 3 1(f) Viscosity vs temperature 
for Thrreonme-Urea-Water system 
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TABLE 3.2 (a) Specific viscosity, 11, ,as functions of molality and 
temperature for the Ovalbumiti in phosphate buffer 
pH 7.0 system. 
remp.aC)/^^„^ of 
/^ gmml"' 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
4 
0.0142 
0.0157 
0.0172 
0.0187 
0.0206 
0.0221 
0.0234 
0.0276 
0.0269 
0.0211 
0.0304 
6 
0.0204 
0.0225 
0.0246 
0.0269 
0.0294 
0.0315 
0.0336 
0.0376 
0.0379 
0.0381 
0.0455 
8 
0.0257 
0.0306 
0.0329 
0.0379 
0.0424 
0.0417 
0.0466 
0.0493 
0.0515 
0.0537 
0.0663 
10 
0.0344 
0.0362 
0.0428 
0.0455 
0.0534 
0.0518 
0.0595 
0.0628 
0.0665 
0.0679 
0.0860 
TABLE 3.2 (b) Specific viscosity, 11,^ 8$ functions of molality and 
temperature for the Ovalbumin in phosphate buffer 
pH 6.0 system. 
remp.OCJ^^^^ of 
v'^ 'uvalbuinin x 10^  
/^ gmml"' 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
4 
0.0401 
0.0406 
0.0272 
0.0270 
0.0283 
0.0302 
0.0326 
0.0363 
0.0406 
0.0519 
0.0656 
6 
0.0586 
0.0573 
0.0361 
0.0395 
0.0373 
0.0389 
0.0419 
0.0453 
0.0546 
0.0693 
0.0976 
8 
0.0764 
0.0746 
0.0429 
0.0491 
0.0436 
0.0487 
0.0484 
0.0536 
0.0670 
0.0853 
0.1260 
10 
0.0959 
0.0922 
0.0522 
0.0629 
0.0528 
0.0564 
0.0582 
0.0628 
0.0835 
0.1012 
0.1587 
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TABLE 3.2 (c) Specific viscosity, r]^ ,as functions of molality and 
temperature for the Ovalbumin in phosphate buffer 
pH 5.2 system. 
^ ^ " ' P ^ ^ o n c . of 
>^T)valbumin x 10^  
/^ gmml' 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
4 
0.0412 
0.0331 
0.0316 
0.0300 
0.0309 
0.0239 
0.0332 
0.0362 
0.0381 
0.0491 
6 
0.0499 
0.0398 
0.0401 
0.0420 
0.0409 
0.0321 
0.0421 
0.0479 
0.0558 
0.0710 
8 
0.0609 
0.0506 
0.0493 
0.0509 
0.0495 
0.0437 
0.0513 
0.0569 
0.0668 
0.0849 
10 
0.0727 
0.0606 
0.0554 
0.0592 
0.0572 
0.0501 
0.0572 
0.0677 
0.0817 
0.1079 
TABLE 3.2 (d) Specific viscosity, -n^  as functions of molality and 
temperature for the Ovalbumin in phosphate buffer 
pH 2.4 system. 
r^"^P^Konc .o f 
y^ gmml"' 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
4 
0.0309 
0.0242 
0.0221 
0.0350 
0.0357 
0.0374 
0.0388 
0.0408 
6 
0.0499 
0.0390 
0.0369 
0.0442 
0.0471 
0.0472 
0.0523 
0.0599 
8 
0.0652 
0.0505 
0.0492 
0.0522 
0.0557 
0.0584 
0.0672 
0.0821 
10 
0.0808 
0.0637 
0.0623 
0.0622 
0.0678 
0.0676 
0.0852 
0.0993 
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TABLE 3.2 (e) Specific viscosity, r\ , as functions of molality and 
temperature for the Glycine-Urea-Water system. 
molality y"^ 
of Glycine > / 
"^^ ^ P^.(K) 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
0.9016 
1.0018 
298.15 
0.0111 
0.0238 
0.0368 
0.0495 
0.0613 
0.0758 
0.0886 
0.0986 
0.1130 
0.1254 
303.15 
0.0151 
0.0279 
0.0410 
0.0566 
0.0690 
0.0886 
0.0976 
0.1082 
0.1251 
0.1397 
308.15 
0.0216 
0.0324 
0.0444 
0.0564 
0.0662 
0.0798 
0.0947 
0.1052 
0.1168 
0.1283 
313.15 
0.0075 
0.0230 
0.0402 
0.0537 
0.0676 
0.0826 
0.0968 
0.1129 
0.1264 
0.1404 
318.15 
0.0306 
0.0502 
0.0658 
0.0838 
0.0985 
0.1165 
0.1302 
0.1456 
0.1640 
0.1818 
TABLE 3.2 (f) Specific viscosity, r^ ,^ as functions of molality and 
temperature for the Threonine-Urea-Water system. 
molality of > / 
Threonine > ^ 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
298.15 
0.0124 
0.0483 
0.0832 
0.1143 
0.1587 
0.1952 
0.2304 
0.2763 
303.15 
0.0433 
0.0758 
0.1143 
0.1441 
0.1909 
0.2241 
0.2600 
0.2971 
308.15 
0.0326 
0.0644 
0.1025 
0.1308 
0.1757 
0.2088 
0.2435 
0.2829 
313.15 
0.0261 
0.0549 
0.0919 
0.1188 
0.1621 
0.1926 
0.2479 
0.2902 
318.15 
0.0344 
0.0578 
0.0957 
0.1223 
0.1652 
0.1959 
0.2259 
0.2636 
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TABLE 3.3 (a) Reduce viscosity, (-n^ j^,inl gm') as functions of 
molality and temperature for the Ovalbumin in 
phosphate buffer pH 7.0 system. 
remp.OC^^^^ of 
^/uvalbumin x 10^  
/^ Rmml"' 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
4 
3.5570 
3.9179 
4.2906 
4.6699 
5.1446 
5.5245 
5.8544 
5.8896 
6.7239 
5.2780 
7.6022 
6 
3.3966 
3.7581 
4.1079 
4.4859 
4.8945 
5.2555 
5.5981 
6.2689 
6.3201 
6.3541 
7.5900 
8 
3.2162 
3.8257 
4.1158 
4.7324 
5.2985 
5.2171 
5.8202 
6.1685 
6.4408 
6.7156 
8.2928 
10 
3.4441 
3.6166 
4.2793 
4.5470 
5.3424 
5.1774 
5.9463 
6.2821 
6.6466 
6.7868 
8.5996 
TABLE 3.3 (b) Reduce viscosity, (Ti^^ml gm~^ ) as functions of 
molality and temperature for the Ovalbumin in 
phosphate buffer pH 6.0 system. 
^ ^ P ^ o n c . of 
v^Ovalbumin x lO' 
/^ gmml' 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
4 
10.0197 
10.1422 
6.8004 
6.7439 
7.0784 
7.5383 
8.1466 
9.0641 
10.1555 
12.9823 
16.4059 
6 
9.7661 
9.5566 
6.0125 
6.5874 
6.2141 
6.4835 
6.9778 
7.5499 
9.0923 
11.5517 
16.2636 
8 
9.5469 
9.3247 
5.3640 
6.1324 
5.4558 
6.0920 
6.0456 
6.7051 
8.3808 
10.6583 
15.7560 
10 
9.5904 
9.2247 
5.2222 
6.2948 
5.2810 
5.6397 
5.8198 
6.2788 
8.3459 
10.1223 
15.8720 
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TABLE 3.3 (c) Reduce viscosity, (T|^,inl gm') as functions of 
molality and temperature for the Ovalbumin in 
phosphate buffer pH 5.2 system. 
r^P ( ^ o n c . of 
^/Ovalbumin x 10^  
y^ gm ml' 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
4 
10.2892 
8.2778 
7.9014 
7.5006 
7.7382 
5.9775 
8.3013 
9.0391 
9.5209 
12.2653 
6 
8.3090 
6.6267 
6.6891 
7.0030 
6.8143 
5.3456 
7.0162 
7.9955 
9.2939 
11.8337 
8 
7.6167 
6.3237 
6.1613 
6.3581 
6.1816 
5.4563 
6.4144 
7.1148 
8.3489 
10.6227 
10 
7.2738 
6.0640 
5.5377 
5.9154 
5.7191 
5.0055 
5.7211 
6.7736 
8.1748 
10.7906 
TABLE 3.3 (d) Reduce viscosity, ("n^jml gm') as functions of 
molality and temperature for the Ovalbumin in 
phosphate buffer pH 2.4 system. 
r^P^^onc. of 
'^^ Ovalbumin x 10^  
y^ gmml' 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
4 
7.7187 
6.0496 
5.5235 
8.7616 
8.9158 
9.3376 
9.6976 
10.1993 
6 
8.3132 
6.5070 
6.1447 
7.3723 
7.8485 
7.8728 
8.7158 
9.9845 
8 
9.1458 
6.3071 
6.1492 
6.5277 
6.9578 
7.2987 
8.4014 
10.2621 
10 
8.0776 
6.3677 
6.2286 
6.2194 
6.7829 
6.7563 
8.5165 
9.9342 
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TABLE 3.3 (e) Reduce viscosity, (T|^ ^^ ,inl gm') as functions of 
molality and temperature for the Glycine-Urea-
Water system. 
Cone, of y/^ 
Glydnexl^/^ 
8^'^>1^p.(K) 
0.7507 
1.501 
2.252 
3.003 
3.754 
4.504 
5.255 
6.006 
6.756 
7.507 
298.15 
1.4720 
1.5856 
1.6341 
1.6484 
1.6329 
1.6829 
1.6860 
1.6417 
1.6726 . 
1.6704 
303.15 
2.0115 
1.8588 
1.8206 
1.8848 
1.8380 
1.9671 
1.8573 
1.8015 
1.8517 
1.8609 
308.15 
2.8773 
2.1586 
1.9716 
1.8781 
1.7635 
1.7718 
1.8021 
1.7516 
1.7288 
1.7091 
313.15 
0.9991 
1.5323 
1.7851 
1.7882 
1.8007 
1.8339 
1.8421 
1.8798 
1.8709 
1.8703 
318.15 
4.0762 
3.3444 
2.9218 
2.7905 
2.6239 
2.5866 
2.4776 
2.4242 
2.4275 
2.4217 
TABLE 3.3 {i\ Reduce viscosity, (ii^^,ml gm'*) as functions of 
molality and temperature for the Threonine-Urea-
Water system. 
1.1912 
2.382 
3.574 
4.765 
5.956 
7.147 
8.338 
9.530 
298.15 
1.0410 
2.0277 
2.3279 
2.3987 
2.6645 
2.7312 
2.7633 
2.8993 
303.15 
3.6350 
3.1822 
3.1981 
3.0241 
3.2052 
3.1356 
3.1183 
3.1175 
308.15 
2.7367 
2.7036 
2.8679 
2.7450 
2.9500 
2.9215 
2.9204 
2.9685 
313.15 
2.1911 
2.3048 
2.5713 
2.4932 
2.7216 
2.6948 
2.9731 
3.0451 
318.15 
2.8878 
2.4265 
2.6777 
2.5666 
2.7737 
2.7410 
2.7093 
2.7660 
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for Ovalbumin at different pH and amino acid-uea-water systems are 
reported in Table [3.4]. 
The intrinsic viscosity [r\] of Ovalbumin in phosphate buffer at pH 
7.0 is found to be 3.58 ml/gm at 25"C, (standard deviation found is 0.014 
ml/gm) this confirms the compact globular conformation of Ovalbumin in 
native state, because for native globular proteins [r\] is close to 3-4 cmV 
g. As the temperature increases the value of intrinsic viscosity also rises 
suggesting the denatured state of protein as shown in Fig [3.3]. In the case 
of much less stable state of Ovalbumin, the intrinsic viscosity increases 
considerably, and this is the reason for high values of [T\] of Ovalbumin in 
phosphate buffers at pH 6.0,5.2, but the values of[r\] at pH 2.4 considerably 
decreases instead of increasing (Table [3.4a]). This behaviour may be due 
to the isoelectric point where the net charge on the molecule is zero, so the 
molecules compress (Table [ 1. Id]). Thus, one can suppose that in solutions 
at pH 6.0, 5.2 and 2.4, the polypeptide chains of Ovalbumin are in a 
random coil conformation even at 25°C. The effect of temperatiu'e on 
intrinsic viscosity of unfolded polypeptide chains was observed, and the 
temperature influence is even more pronounced in buffer solutions at pH 
6.0, 5.2, and 2.4, than in the case of Ovalbumin in buffer of pH 7.0. 
The temperature influence on the intrinsic viscosity of the unfolded 
polypeptide chain can be explained by the increase of flexibility of the 
chain caused by the increase of rotational freedon of backbones at 
increasing temperature. Clearly, increased flexibility of the chain should 
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TABLE 3.4 (a) Intrinsic viscosity, [iiJCmi gm'), as functions of 
temperature and pH of the sytem for the Ovalbumin 
in phosphate buffer. 
y^ system 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
7.0 
3.5852 
4.0723 
4.2075 
4.6516 
4.8209 
5.6715 
5.6305 
7.0753 
6.5718 
4.5729 
6.7279 
6.0 
10.2583 
10.6066 
7.7339 
7.0704 
8.1600 
8.5689 
9.5169 
10.6197 
11.1427 
14.6443 
16.8126 
5.2 
11.7806 
9.2536 
9.9239 
8.5845 
8.9548 
6.2481 
9.7831 
10.4178 
10.5788 
13.3504 
2.4 
7.7456 
6.0438 
5.2696 
10.1852 
10.1775 
10.7276 
10.1830 
10.2762 
TABLE 3.4 (b) Intrinsic viscosity, [T|](ml gm'*), as function of 
temperature for (i) Glycine-urea-water and (ii) 
Threonine-urea-water system. 
Temp. (K) 
(i)Glycine-urea-
water system 
(ii)Threonine-urea-
water system 
298.15 
1.5462 
1.3838 
303.15 
1.9237 
3.4135 
308.15 
2.4360 
2.6871 
313.15 
1.3576 
2.0930 
318.15 
3.6352 
2.6422 
1 1 5 
Intrinsic viscosity ["Q (ml/gm ) 
17 --
12 — 
295 300 305 310 315 320 325 330 335 340 345 350 
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pH 7 pH 6 -*- pH 5.2 pH 2.4 
Fig 3 3 Intr insic viscosity vs 
t empera tu re for Ovalbumin in 
phosphate buffer as function of pH 
Intrinsic viscosity ["^J (ml/gm ) 
It 
12 -
lU -
8 -
6 -
4 -
p 
< > 
1 1 
2.5 3 
298 15 K 
323 15 K 
1 1 
3.5 4 
— ^ 308 15 K 
- * - 328 15 K 
„ • " — -
X 
J 1 1 
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lead to a decrease in the hydrodynamic volume occupied by this chain 
[158]. 
It follow from the above that the confonnation of a heat - denatured 
protein does not differ greatly from that of a random coil. Thus, the 
intrinsic viscosity of a heat-denatured state is almost the same as the 
random coil state. In short, the results on intrinsic viscosity showed that 
the overall conformation of Ovalbumin under native condition is globular, 
as in case of pH 7.0 at temperatue 25-35°C. The native protein structure 
was extensively unfolded in phosphate buffer at pH 6.0, 5.2 and 2.4, by the 
exposure of aromatic amino acid residues, and as a result of unfolding 
caused by the pH and high temperature the protein becomes structureless 
and behaves as a random coil Fig. [3.4]. 
Intrinsic viscosity of Glycine and Threonine in Urea-water mixture 
is also calculated, [r|] of glycine is less than that of Threonine, this may 
be due to the chain length as chain of threonine is larger than glycine. 
Shape factor, v, was calculated by using equation [3.4] and the 
values are given in Table [3.5]. The shape factor with temperature curves 
Fig. [3.5] and v vs pH curves shown in Fig. [3.6] show similar pattern as 
computed in case of intrinsic viscosity, supporting the globular nature of 
Ovalbumin at pH 7.0 and temperature 25-35*'C. 
The number of surface amino acid residues per polypeptide chain, 
n, is calculated using equation [3.5] is listed in Table [3.6]. The decrease 
as well as increase in the compressibility values with an increase in the 
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TABLE 3.5 Shape factor, (v), as functions of temperature and 
pH of the system for the Ovalbumin in phosphate 
buffer. 
^^"P^KHofthe 
y ^ system 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
7.0 
3.4433 
3.6441 
3.1291 
3.9764 
4.5674 
5.1639 
4.6656 
6.2069 
5.8887 
4.2483 
6.1764 
6.0 
10.4495 
11.0578 
7.7085 
6.9094 
7.6800 
8.9623 
9.1880 
9.9138 
10.8182 
13.9483 
14.3013 
5.2 
13.5627 
8.3426 
8.7955 
7.0736 
6.9861 
4.9596 
7.8985 
8.7134 
10.2419 
17.8792 
2.4 
9.3716 
7.5153 
5.8695 
11.9014 
11.7950 
11.8971 
11.8228 
10.4934 
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Table 3.6; The number of surface amino acid residues per polypep-
tide chain (n) as functions of temperature and pH of the 
system for Ovalbumin in phosphate buffer. 
TcmpCK)/ 
y^Hofthe 
y^ system 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
7.0 
98.1522 
105.9742 
108.0936 
114.8418 
117.3276 
129.3898 
128.8249 
147.8427 
141.4165 
113.6580 
113.9200 
6.0 
184.9073 
188.6642 
155.9741 
147.7698 
161.0955 
165.9112 
176.7371 
188.8046 
194.3523 
229.1303 
249.0043 
5.2 
200.9806 
173.7751 
181.2524 
166.0931 
170.3728 
137.1636 
179.6988 
186.6340 
188.3662 
216.7111 
2.4 
156.1162 
134.4440 
123.7880 
184.1124 
184.0286 
189.9579 
184.0885 
185.1016 
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surface amino acid composition indicate the pattern of arrangement of 
amino acids at the periphery and inside the core of the protein structure 
at different temperatures studied Fig. [3.7]. Consequently, such studies 
may help in predicting ;the compressibility as well as flexibility of 
unknown food proteins provided that the v^  values are known as functions 
of surface amino acid composition and temperature. 
The viscosity data for amino acids were analysed in terms of the 
Jones-Dole equation [3.6], and shown in Fig. [3.8], and values of the 
parameter B are listed in Table [3.7]. Positive B values indicate a strong 
alignment of the solvent molecules with the ions, revealing a 'structure 
forming' behaviour of water. 
121 
o 
o o 
o 
00 
«> 
«) 
a 
£ 
o 
o 
o 
Q) 
JO 
-6 
cd {5 
O CO cr 
CC o £ 
a 
o .2 
CO 
o 
C\2 
So 
X2 
CO 
• 1—1 
CO 
O 
•r—( 
e4-H 
•1—1 
o !D 
OH 
o 
C 
• 1 — ( 
e 
CO 
(D 
O 
CO 
t 4 - l 
u 
u w 
n: 
a 
CO 
C 
• i - H 
s 
:3 
£ 
'co 
w > o 
CO > ^ 
CO 
OH 
r^  
CO 
•1—4 
•1—( 
^ 
•1—1 
OT 
s: 
CD I 
o ^ 
o 
122 
lMirO//c 
25 
20 r 
15 + 
10 
5 + 
0 J I I I I I I : \ I 1 1 1 1 
2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 
Cponcentrationy/*. 
298.15 K 303 15 K 308 15 K 313.15 K 318 15 K 
Fig 3.8(a): Plot for Jones-Dole equation 
for Glycine—Urea-Water system. 
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35-1 
J i I i_ 
3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 
(Concentration ^ ^ Z 
^ 298 15 K —t— 303.15 K -*^ 308. 15 K - S - 313.15 K ->^ 318.15 K 
Fig 3.8(b): Plot for Jones-Dole equation 
for Threonine—Urea-Water system. 
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Table 3.7; Viscosity interaction coefficient (B x 1(H) of Jones-Dole 
equation for (a) Glycine-Urea-Water and (b) Threonine-
Urea-Water systems. 
Temp.(K) 298.15 303.15 308.15 313.15 318.15 
(a) Glycine-Urea-
Water system 
Sum of squares 
of residuals 
X 10' 
(b) Threonine-
Urea-water 
system 
Sum of squares 
of residuals 
xlO<* 
1.7528 1.8101 1.2530 2.2182 1.6197 
1.0360 8.6393 3.7809 2.8545 2.6535 
3.8211 2.9108 3.1176 3.4872 2.8103 
1.0964 1.3163 1.0394 2.1515 2.4259 
T JBR -
THERMODYNAMIC PROPERTIES OF OVALBUMIN IN 
PHOSPHATE BUFFER (pH 2.4 - 7.0) AND AMINO 
ACIDS-UREA-WATER SYSTEMS. 
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INTRODUCTION;-
The thermodynamic stability of the native structure of proteins has 
provided one of the great challenges in biochemistry and currently remains 
the subject of extensive investigations. [159]. 
In an idealistic approach, the thermodynamic information would be 
obtained by measuring the changes associated with the unfolding of the 
protein, from its native state to a reference state. The later should be 
independent of the initial state of the protein. Presumably, a suitable 
reference state would be one where the protein is extended in such a way 
that there remains minimal interactions between amino acid side chains 
and each constituent amino acid is optimally accessible to the solvent. An 
obvious obstacle to this simple procedure, however, is that known means 
of inducing protein unfolding (temperature, addition of chemicals, change 
in pH etc.) usually do not lead to the required well defined final state [159 
(b) 105]. In the case of chemical denaturation, further complication arises 
since the comparison of initial and final states reflects thermodynamic 
changes due to the changes in solvent composition as well as from the 
protein structural modifications. 
Corradini et al [114] and Palepu [113] have calculated the various 
thermodynamic parameters of activation of viscous flow by least squares 
fitting the densities and the viscosities data to empirical equations stating 
their dependence on temperature and composition of the mixture. These 
parameters suggest the type and strength of interaction between the 
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components of mixture. Palepu et al [113] calculated such thermodynamic 
parameters for the binary acid-base mixtures, while Corradini and co-
workers [114] obtained these for the binary mixtures of alcohols and 
amides. 
In the present study we intend (i) to compute the change in 
thermodynamic functions during the thermal and chemical denaturation 
(ii) to extend the compressibility study in order to discuss flexibility of 
Ovalbumin buffer system (iii) to correlate the thermodynamic data with 
ultrasonic studies to explain the nature of food protein and (iv) to 
undertake the thermodynamic studies of amino acids-urea-water systems. 
THEORY; 
Densities at required temperatures were calculated using the least-
squares fitted parameters from the reported data with the help of the 
density equation, 
p = a+bT+cT^ 
The energies of activation of the viscous flow AG* were calculated 
by using the Eyring viscosity equation [160]. 
hN 
Ti = e*°*^ ...(4.1) 
V 
m 
where h is the Planck's constant, N the Avogadro's number, R the 
universal gas constant, and T the absolute temperature. The term Vm is the 
molar volume of the mixtures, calculated from the corresponding mixture 
12 6 
densities, and by the following relation : 
X X M i = 1,2,3 
V = -—'—^ ...(4.2) 
P 
The energies of activation for viscous flow, AG*, at the required 
temperatures are obtained by using the equation. 
AG* = AH* TAS* ...(4.3) 
where AH* and AS* are the enthalpy and the entropy of activation 
of viscous flow respectively. 
By combining equations (4.1) and (4.3) we get 
AG* = RTIn — 
hN 
AH* - TAS* 
By plotting Rln (iiVm/hN) vs. 1/T we found that the plots show a 
quite linear trend. From these linear plots AH* values were obtained from 
the slopes, while AS* values from the intercepts. 
By putti^ the values of AH* and AS* in equation (4.3) we can 
evaluate the free enegy of activation AG* at different temperatures. 
RESULTS AND DISCUSSION; 
On the basis of the fact that the plots of Rln (TI Vm/hN) vs. 1/T are 
reasonably linear for die (i) Ovalbumin in phosphate buffer at different pH 
(2.4-7.0), (ii)Glycine-urea-water, and(iii) Threonine-urea-water systems 
studied shown in Fig. [4.1] and reported in Table [4.1] suggest that the 
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TABLE 4.Ua): RIn (riV^ /hN) (J mol •) vs 1/T for the Ovalbumin in 
phosphate buffer pH 7.0 system. 
i\Txio3 y ^ 
3.3540 
3.2987 
3.2452 
3.1934 
3.1432 
3.0945 
3.0474 
3.0017 
2.9573 
2.9142 
2.8723 
0.00 
31.3778 
30.6746 
29.8194 
29.0262 
28.1906 
27.5187 
26.8412 
26.1789 
25.6339 
25.0521 
24.4971 
4 
31.5188 
30.8282 
29.9852 
29.2052 
28.3827 
27.7239 
27.0596 
26.4301 
25.8797 
25.2500 
24.7695 
6 
31.5779 
30.8924 
30.0542 
29.2793 
28.4619 
27.8083 
27.1490 
26.5206 
25.9797 
25.3986 
24.9011 
8 
31.6311 
30.9649 
30.1275 
29.3739 
28.5745 
27.8981 
27.2606 
26.6237 
26.0975 
25.5330 
25.0728 
10 
31.7111 
31.0177 
30.2146 
29.4418 
28.6692 
27.9842 
27.3680 
26.7394 
26.2252 
25.6542 
25.2333 
TABLE 4.Ub); Rln (TiV,/hN)(Jmol-l)vsl/T for the Ovalbumin in 
phosphate buffer pH 6.0 system. 
i\Txi(P y ^ 
3.3540 
3.2987 
3.2452 
3.1934 
3.1432 
3.0945 
3.0474 
3.0017 
2.9573 
2.9142 
2.8723 
0.00 
31.0408 
30.3192 
29.4337 
28.6496 
27.8252 
27.1410 
26.4673 
25.8224 
25.2619 
24.7114 
24.1494 
4 
31.3897 
30.6720 
29.6798 
28.8947 
28.0828 
27.4109 
26.7585 
26.1439 
25.6183 
25.1576 
24.7057 
6 
31.5454 
30.8155 
29.7627 
29.0088 
28.1673 
27.4943 
26.8467 
26.2300 
25.7436 
25.3086 
24.9635 
8 
31.6945 
30.9616 
29.8280 
29.0953 
28.2312 
27.5865 
26.9106 
26.3083 
25.8562 
25.4456 
25.1903 
10 
31.8529 
31.1076 
29.9124 
29.2168 
28.3160 
27.6592 
27.0012 
26.3931 
25.9977 
25.5807 
25.4393 
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TABLE 4.Uc) RIn (TiV_/hN KJmol-l) vs 1/T for the Ovalbumin in 
phosphate buffer pH 5.2 system. 
i\Txi(p y 
3.2987 
3.2452 
3.1934 
3.1432 
3.0945 
3.0474 
3.0017 
2.9573 
2.9142 
0.00 
30.2422 
29.3575 
28.5868 
27.7518 
27.1154 
26.4087 
25.7640 
25.2045 
24.6383 
4 
30.5394 
29.6425 
28.8605 
28.0349 
27.3407 
26.7082 
26.0872 
25.5390 
25.0543 
6 
30.6050 
29.7232 
28.9692 
28.1252 
27.4181 
26.7900 
26.1920 
25.6924 
25.2394 
8 
30.7034 
29.8076 
29.0501 
28.2031 
27.5206 
26.8713 
26.2741 
25.7902 
25.3611 
10 
30.7940 
29.8662 
29.1252 
28.2747 
27.5811 
26.9283 
26.3701 
25.9173 
25.5488 
TABLE 4.Ud) Rln (TiV /^hN) (Jmol'l) vs 1/T for the Ovalbumin in 
phosphate buffer pH 2.4 system. 
i\Txio3 y 
3.3540 
3.2987 
3.2452 
3.1934 
3.1432 
3.0945 
3.0474 
3.0017 
0.00 
30.8874 
30.1671 
29.3111 
28.5244 
27.6890 
27.0167 
26.3659 
25.7251 
4 
31.1442 
30.3690 
29.4975 
28.8147 
28.9859 
27.3262 
26.6861 
26.0638 
6 
31.3067 
30.5001 
29.6283 
29.8989 
28.0886 
27.4165 
26.8058 
26.2257 
8 
31.4400 
30.6032 
29.7371 
28.9736 
28.1661 
27.5152 
26.9342 
26.4085 
10 
31.5732 
30.7194 
29.8517 
29.0635 
28.2728 
27.5983 
27.0843 
26.5505 
TABLE 4.Ue): 
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Rln (TiV /^hN) (Jmol-l) vs 1/T for Glycine-urea-water 
system. 
* / l\1kl03 
/ (K-") 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
0.9016 
1.0018 
3.3540 
30.8355 
30.9417 
31.0677 
31.1853 
31.2984 
31.4172 
31.5325 
31.6458 
31.7548 
31.8671 
31.9743 
3.2987 
29.9195 
30.0573 
30.1843 
30.3026 
30.4386 
30.5620 
30.7144 
30.7989 
30.9116 
31.0421 
31.1633 
3.2452 
29.1221 
29.3127 
29.4228 
29.-5318 
29.6400 
29.7431 
29.8502 
29.9798 
30.0921 
30.1855 
30.2832 
3.1934 
28.4336 
28.5088 
28.6588 
28.8115 
28.9305 
29.0666 
29.1843 
29.3088 
29.4626 
29.5681 
29.6847 
3.1432 
27.5491 
27.8134 
27.9933 
28.1303 
28.2808 
28.4197 
28.5580 
28.6749 
28.8190 
28.9577 
29.0988 
TABLE 4.im : Rlii(TiV^/liN)(Jmo|-l)vsl/T forThreonine-urea-water 
system. 
^ Xl\Txl(P 
/ (K-*) 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
3.3540 
30.8355 
30.9756 
31.3157 
31,6162 
31.9043 
32.2638 
32.5657 
32.8617 
33.1901 
3.2987 
29.9195 
30.3093 
30.6137 
30.9351 
31.2064 
31.5753 
31.8485 
32.1429 
32.4095 
3.2452 
29.1221 
29.4418 
29.7272 
30.0497 
30.3128 
30.6714 
30.9478 
31.2372 
31.5217 
3.1934 
28.4336 
28.6853 
28.9652 
29.2815 
29.5363 
29.8868 
30.1482 
30.5790 
30.8811 
3.1432 
27.5491 
27.8691 
28.1030 
28.4266 
28.6775 
29.0255 
29.2878 
29.5469 
29.8231 
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Rln (lVm/hN)(J/mo]) 
exlO'^gm/ml 
1/T^to(i/K) 
•3 
4x10 gm/ml 
10x10 gm/ml 
6x10' gm/ml 
Fig 4.1 (a):Rln (n.Vm/hN) vs 1/T for t h e 
ovalbumin in phosphate buffer a t pH 7.0 
Rln (lym/hN) (J/mol) 
6x10'- 'gm/ml 
l/Txto^l/K) 
4 x l 0 " \ m / m l 
lOxlo'^gm/ml 
6x10"-^ gm/ml 
Fig. 4.1 (b):Rln (\Vm/hN) vs 1/T for 
ovalbumin in phosphate buffer a t pH 6.0 
1 3 1 
Rln (\Vin/hN) ( J / m o l ) 
8x10 gm/ml 
l/T<lo5l/K) 
4xl0"^gm/inl 
lOxlo"^ em/ml 
6x10 gm/ml 
Fig. 4.l(c):Rln(»iym/hN) vs 1/T for 
ovalbumin in phosphate buffer a t pH 5.2 
Rln C^ym/hN) (J/mol) 
8xl0" gm/ml 
1/T»MJ^ 1/K) 
4xl0*^gm/ml 
lOxlO""* gm/ml 
6x10 g m / m l 
Fig. 4.1 (d):Rln(«iym/hN) vs 1/T for 
ovalbumin in phosphate buffer a t pH 2.4 
1 3 2 
Rln (»l\m/hN) (J/mol) 
3.4 
l / T M o ( l / k ) 
0.1003 mol/kg -^— 0.2004 mol /kg - * - 0.3005 mol/kg - s - 0.5009 mol /kg 
0.6011 mol/kg - » - 0.8014 m o l / k g - * " 0.9016 mol/kg - * - 1.0018 mol /kg 
Fig. 4.1(e) : Rln (»LVm/hN) vs 1/T for 
Glycine-Urea—Water system 
Rln(iym/hN) (J/mol) 
1/T*to^l/K) 
3.4 
— 0.1002 mol/kg 
~"»*- 0.6009 mol/kg 
0.2004 mol /kg 
0.6011 m o l / k g 
0.3005 mol/kg 
0.7013 mol/kg 
0.4007 mol /kg 
0.8014 mol /kg 
Fig.4.1 (f) : RlnCLVm/hN) vs 1/T for 
Threonine—Urea—Water system 
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mechanism of viscous flow for these systems is a thermally activated 
single process. The AH/AH* values are all positive and decrease with an 
increase in concentration of Glycine, and Ovalbumin and no regular trend 
is shown in the case of Threonine (Table [4.2]). As regards AS/AS* values 
these are all negative and decreases with an increase in concentration of 
protein or amino acids (Table [4.2]). A difference in the values of AS has 
been observed by changing the pH of the protein system. 
A satisfactory elucidation of these facts probably arises from the 
more realistic hypothesis of the flow mechanism by Eyring [160], which 
explains the flow by movement of dislocations or discontinuities in the 
fluid layer. In a dynamic steady state, and in an oversimplified picture, the 
movement of a dislocation by one layer position requires the cooperation 
of at least two moving elementary units: one is moving out the normal 
position and requires energy, and the other is moving into this cavity and 
gives up energy. Therefore, the enthalpy of activation of viscous flow 
could be taken as a measure of the cooperation degree between the species 
taking part in the flow process. In the liquid state the opportunity of the 
formation of many discontinuties is warranted by statistical fluctuations 
of local densities. In the low temperature range, as well as for highly 
structured components one may expect a considerable degree of order, so 
that transport phenomena take place cooperatively, as a consequence a 
great heat of activation associated to a relatively high value of flow 
entropy is observed. When the breaking in the ordered structue becomes 
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TABLE 4.2 : Entropy (AS, J mol 'K') and Enthalpy (AH, KJ mol •) of 
Ovalbumin in phosphate buffer as function of concentration 
for the systems. 
Cone, of 
Ovalbumin 
IxlCPgm.ml-
0.00 
4 
6 
8 
10 
0.00 
4 
6 
8 
10 
0.00 
4 
6 
8 
10 
0.00 
4 
6 
8 
10 
-AS(Jmol-lK-l) AH (KJ mol') 
1 
(a) Ovalbumin in phosphate buffer pH 
17.2046 
16.2700 
15.6961 
15.0162 
14.3916 
(b) Ovalbumin In phosphate buffer pH 
17.5320 
16.1286 
15.6809 
15.3271 
14.9384 
(c) Ovalbumin in phosphate buffer pH 
17.9424 
17.2807 
16.5879 
16.4310 
15.9306 
(d) Ovalbumin in phosphate buffer pH 
19.0058 
17.5818 
17.6039 
17.1814 
16.9640 
7.0 
14.4793 
14.2431 
14.0871 
13.9012 
13.7321 
6.0 
14.4679 
14.1237 
14.0196 
13.9414 
13.8562 
5.2 
14.5745 
14.4617 
14.2730 
14.2526 
14.1222 
Z.4 
14.8842 
14.5220 
14.5678 
14.4703 
14.4387 
TABLE 4.2(e)! 
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Entropy (AS, J mol^ K") and Enthalpy (AH, KJ mol') 
as a function of molality for the system Glycine-urea-
water. 
molality 
of Glycine 
mol kg"l 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
0.9016 
1.0018 
-AS(Jmol-lK-l) 
20.4877 
18.7846 
17.8516 
17.2759 
16.7999 
16.3549 
16.1612 
15.7561 
14.9457 
14.6661 
14.1662 
AH (KJ mol') 
15.2945 
14.8176 
14.5730 
14.4348 
14.3268 
14.2279 
14.2071 
14.1174 
13.9067 
13.8563 
13.7383 
TABLE 4.2 m; Entropy (AS, J mol * K*) and Enthalpy (AH, KJ mol^ 
as a function of molality for the Theronine-urea-water 
system. 
molality 
ofTheronine 
mol kg"^  
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
-AS(Jmol-lK-l) 
20.4877 
18.8008 
19.9708 
19.3973 
19.6941 
19.5899 
19.8795 
19.1614 
19.2943 
AH(KJmol-') 
15.2945 
14.8625 
15.3118 
15.2327 
15.4060 
15.4838 
15.6577 
15.5332 
15.6640 
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very quick, by increasing the temperature or by changing the pH of the 
system, then the homopolymer hydrogen bond network of the Ovalbumin 
breaks, and the movements of individual units becomes more disordered 
and the cooperation degree is reduced, facilitating the viscous flow via the 
activated state of molecular species. As a consequence, the overall 
molecular order in the system should be reduced, and a positive values of 
AS should be expected [118]. By the denaturation process, the overall 
molecular order of the Ovalbumin increases, and the high value of AS 
should be expected. 
At high temperatures, the availiability of randomly scattered 
monomers should be sufficient to provide the activated molecular species 
which then lead to comparatively increased order as a result of viscous 
flow, giving the more negative AS/AS* value Table [4.2]. 
The values of AG^/AG* increases monotonically with temperature 
as shown in Fig. [4.2] and these values are listed in Table [4.3]. Plot of 
AG^vs pH shows greater uncoiling at lower pH as shown in Fig. [4.3]. 
The pattern of the plots of AG^ of test protein versus Ps Fig [4.4] 
was found to be in some what different with those reported by Gekko in 
1991 [131], due to the different • method of determination of free energy 
of unfolding for protein. The plots indicate the partial folding at low 
temperatures and greater uncoiling at high temperatures, the nature of the 
curves suggests the possibility of partial structural stability and flexibility 
of the protein in the given range of temperature. While natured and 
denatured states were clearly shown in Fig. [4.4] by the two lines. 
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TABLE 43 (a); The Free energy of denaturation AG„, KJmol * as 
functions of temperature and concentration for 
ovalbumin in phosphate buffer pH 7.0 system. 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
348.15 
0.00 
19.6089 
19.6949 
19.7890 
19.8669 
19.9529 
20.0390 
20.1250 
20.2110 
20.2970 
20.3831 
20.4691 
4 
19.0940 
19.1754 
19.2567 
19.3381 
19.4194 
19.5008 
19.5821 
19.6635 
19.7448 
19.8262 
19.9075 
6 
18.7669 
18.8454 
18.9239 
19.0023 
19.0808 
19.1593 
19.2378 
19.3163 
19.3947 
19.4732 
19.5517 
8 
18.3783 
18.4534 
18.5284 
18.6035 
18.6786 
18.7537 
18.8288 
18.9038 
18.9789 
19.0540 
19.1291 
10 
18.0230 
18.0949 
18.1669 
18.2388 
18.3108 
18.3827 
18.4547 
18.5267 
18.5986 
18.6706 
18.7425 
TABLE 43(b): The Free energy of denaturation AG^ ^^  KJmol'^ 
as functions of temperature and concentration for 
ovalbumin in phosphate buffer pH 6.0 system. 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
3348.15 
0.00 
19.6951 
19.7827 
19.8704 
19.9580 
20.0457 
20.1334 
20.2210 
20.3087 
20.3963 
20.4840 
20.5717 
4 
18.9324 
19.0131 
19.0937 
19.1744 
19.2550 
19.3357 
19.4163 
19.4969 
19.5776 
19.6582 
19.7389 
6 
18.6949 
18.7733 
18.8517 
18.9301 
19.0085 
19.0869 
19.1653 
19.2437 
19.3221 
19.4005 
19.4789 
8 
18.5112 
8.5878 
18.6644 
18.7411 
18.8177 
18.8944 
18.9710 
19.0476 
19.1243 
19.2009 
19.2775 
10 
18.3101 
18.3848 
18.4595 
18.5342 
18.6089 
18.6835 
18.7582 
18.8329 
18.9076 
18.982 
19.0570 
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TABLE 4.3(c); The Free energy of denaturation AG^ ^^  KJmol' 
as functions of temperature and concentration for 
ovalbumin in phosphate buffer pH 5.2 system. 
298.15 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
338.15 
343.15 
0.00 
19.6089 
19.9240 
20.0137 
20.1035 
20.1932 
20.2829 
20.3726 
20.4623 
20.5520 
20.6417 
20.7314 
4 
19.0940 
19.6139 
19.7003 
19.7867 
19.8732 
19.9596 
20.0460 
20.1324 
20.2188 
20.3052 
20.3916 
6 
18.7669 
19.2187 
19.3016 
19.3846 
19.4675 
19.5504 
19.6334 
19.7163 
19.7993 
19.8822 
19.9651 
8 
18.3783 
19.1515 
19.2337 
19.3158 
19.3980 
19.4801 
19.5623 
19.6444 
19.7266 
19.8087 
19.8909 
10 
18.0230 
18.8719 
18.9516 
19.0312 
19.1109 
19.1905 
19.2702 
19.3498 
19.4295 
19.5091 
19.5888 
TABLE 4 J (d) The Free energy of denaturation AG^ ^^  KJmol* 
as functions of temperature and concentration for 
ovalbumin in phosphate buffer pH 2.4 system. 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
328.15 
333.15 
0.00 
20.5508 
20.6458 
20.7408 
20.8359 
20.9309 
21.0259 
21.1210 
21.2160 
4 
19.7640 
19.8519 
19.9398 
20.0277 
20.1157 
20.2035 
20.2915 
20.3794 
6 
19.8164 
19.9044 
19.9924 
20.0805 
20.1685 
20.2565 
20.3445 
20.4325 
8 
19.5929 
19.6788 
19.7647 
19.8507 
19.9366 
20.0225 
20.1084 
20.1943 
10 
19.4965 
19.5813 
19.6662 
19.7510 
19.8358 
19.9206 
20.0054 
20.0903 
139 
TABLE 4.3 (e): The Free energy of activation for viscous flow, AG* 
(KJmol') as functions of molality and temperature for 
Glycine-urea-water system. 
y ^ TXK) 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
0.9016 
1.0018 
298.15 
21.4029 
20.4182 
19.8955 
19.5856 
19.3357 
19.1041 
19.0256 
18.8151 
18.3628 
18.2290 
17.9620 
303.15 
21.5053 
20.5122 
19.9847 
19.6720 
19.4197 
19.1859 
19.1064 
18.8939 
18.4375 
18.3023 
18.0328 
308.15 
21.6078 
20.6061 
20.0740 
19.7584 
19.5037 
19.2677 
19.1872 
18.9726 
18.5122 
18.3757 
18.1036 
313.15 
21.7102 
20.6999 
20.1632 
19.8447 
19.5877 
19.3494 
19.2680 
19.0514 
18.5869 
18.4490 
18.1744 
318.15 
21.8127 
20.7939 
20.2525 
19.9311 
19.6717 
19.4312 
19.3488 
19.1302 
18.6617 
18.5223 
18.2453 
TABLE 4.3 ff>: The Free energy of activation for viscous flow, AG* 
(KJmol**) as functions of molality and temperature for 
the Threonine-urea-water syst^n. 
0.00 
0.1002 
0.2004 
0.3005 
0.4007 
0.5009 
0.6011 
0.7013 
0.8014 
298.15 
21.4029 
20.4680 
21.2661 
21.0160 
21.2778 
21.3245 
21.5848 
21,2462 
21.4166 
303.15 
21.5053 
20.5620 
21.3659 
21.1130 
21.3763 
21.4225 
21.6842 
21.3420 
21.5131 
308.15 
21.6078 
20.6560 
21.4658 
21.2100 
21.4747 
21.5204 
21.7836 
21.4378 
21.6095 
313.15 
21.7102 
20.7500 
21.5657 
21.3070 
21.5732 
21.6184 
21.8830 
21.5336 
21.7060 
318.15 
21.8127 
20.8440 
21.6655 
21.4040 
21.6717 
21.7163 
21.9824 
21.6294 
21.8025 
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20.5 
Free energy of unfolding (ftGunf^KJ/moli 
290 295 300 305 310 315 320 325 330 335 340 345 350 
Temperture (K) 
8x10"^ gm/ml 
4x10*2 gm/ml 
lOxlo"^ gm/ml 
6xl0"'' gm/ml 
Fig 4 .2(a) : F r e e e n e r g y of unfolding vs 
t e m p e r a t u r e fo r o v a l b u m i n in p h o s p h a t e 
b u f f e r a t pH 7.0 
21 
Free energy of unfolding(hGunf, KJ/mol) 
290 295 300 305 310 315 320 325 330 335 340 345 350 
Temperature (K) 
-3 
8x10 gm/ml 
4x10*^ gm/ml 
10xlO~3 gm/mJ 
6x10""' gm/ml 
Fig 4 .2(b) : F r e e e n e r g y of unfolding 
v s t e m p e r a t u r e for Ovalbumin in 
p h o s p h a t e buf fe r a t pH 6.0 
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Free energy of unfolding ^ u n f , K J / m o ] ) 
290 295 300 305 310 315 320 325 330 335 3 4 0 345 350 
Temperature (K) 
exlO'-'grn/ml 
-3 
4il0 " gm/ml 
10x10 •* gm/ml 
6xl0~"^ gm/ml 
Fig 4.2^c)-. Free energy o! \inio\dmg vs 
t e m p e r a t u r e for Ovalbumin in phospha t e 
buffer at pH 5.2 
21.5 
20.5 
Free energy of unfolding (aGunf,KJ/mol) 
295 300 3 0 5 
8x10 gm/ml 
310 315 320 
Temperature (K) 
~*~ 4x10 gm/ml 
-*- 1 Ox 10~^ gm/ml 
325 330 335 
•3 
6x10 gm/ml 
Fig 4 .2(d): Free energy of unfolding v s 
t e m p e r a t u r e for Ovalbumin in p h o s p h a t e 
buffer at pH 2 4 
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Free energy of activation(4G .KJ/mol) 
21 -
20 -
19 -
18 -1 
1 f -
25 35 
B 
1 1 1 
297 299 301 
0 1002 mol/kg 
0 8040 mol/kg 
1— 
1! 
B 
1 
303 
»• * 
^ » - — • ° 
1 1 1 J 1 1 
305 3 0 7 309 311 313 315 
Temperature (K) 
—*- 0.4007 molAg 
- * - 1.0018 molAg 
, 
« 
1 1 
317 319 
Fig 4.2(e): Free energy of activation vs 
temperature for Glycine-Urea-Water 
system 
22.5 
Free energy of activation(ftG*,KJ/mol) 
297 299 301 303 305 307 309 311 313 315 317 319 
Temperature (K) 
0 1002 mol/kg 
- * - 0 6011 mol/kg 
0.3005 mol/kg 
0 8014 mol/kg 
Fig 4.2(f): Free energy of activation vs 
temperature for Threonine-Urea-Water 
system 
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20.5 
Free energy of unfolding(&Gunf,KJ/inolJ 
298.15 K 313.15 K 333.15 K 
Fig 4 .3: F r e e e n e r g y of unfolding vs 
pH for O v a l b u m i n in p h o s p h a t e buffer 
20.5 
Free energy of unfolding(AGunf,KJ/mol) 
20 30 40 50 60 70 80 90 100 110 120 
Partial specific adiabatic compressibilit<j(^<^j>n6"j u^wicT OWA J 
^ ^ 4ild"'' gm/ml 
- * - 8x10^ gm/ml 
6il0"^ gm/ml 
lOxlo'^ gm/ml 
Fig 4.4; P a r t i a l a d i a b a t i c c o m p r e -
ssibi l i ty vs f r ee e n e r g y of unfo ld ing of 
o v a l b u m i n in p h o s p h a t e buf fe r a t pH 7.0 
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